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ABSTRACT
Geographical variation among three "strains"of Callosobruchus 
maculatus F. (Coleoptera : Bruchidae), a cosmopolitan pest of stored 
legume seeds, has been studied. The fecundity, fertility and adult 
productivity of the strains were measured on seeds of the primary 
host, the cowpea. The number of eggs laid by females of each strain 
depended on the number of cowpeas to which she had access. Females 
of the Nigerian strain laid more eggs on a small number of cowpeas 
than females of the strains from Yemen and Brazil. The Yemen strain 
produced fewer adults from individual seeds than the other two strains 
when similar numbers of hatched eggs were present. Experiments were 
performed to examine this difference. The results indicated that 
Yemen individuals were heavier, on average, and consumed a larger 
quantity of cowpea during development than individuals of the Nigerian 
or Brazilian strains.
All three strains crossed to produce viable and fertile progeny. 
Hybrids of crosses between the Yemen strain and either of the two 
smaller strains were of intermediate size and were produced in numbers 
which were intermediate to those of the two strains involved.
The response of the three strains to a cowpea variety (TVu 202?) 
known to exhibit resistance to bruchid attack was measured. The 
Brazilian strain suffered much higher mortality on TVu 2027 than the 
other two strains. The Yemen strain suffered slightly higher mortality 
than the Nigerian strain, but the mean development period, of the Yemen 
strain was shorter. Progeny of inter-strain crosses suffered an 
intermediate level of mortality on TVu 2027. The proportion of Yemen 
and Nigerian individuals which could survive on TVu 2027 increased when 
successive generations were bred on the resistant variety. The 
consequences of geographical variation in this beetle pest, for the 
success of new cowpea lines which incorporate the resistant properties 
of TVu 2027, are discussed.
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CHAPTER 1
INTRODUCTION
According to the estimates of the United Nations' Food and 
Agriculture Organisation, a chronic deficiency of food protein exists 
in many developing countries affecting more than five hundred million 
people (Poleman, 1973)• In the areas of greatest malnourishment the 
conversion of vegetable protein into meat is too inefficient to be 
tolerated (Pirie, 1970), and for the rural poor in many such areas 
animal protein is virtually unaffordable. A massive increase in 
vegetable protein supply is required, therefore, if this widespread 
deficiency is not to become acute where the problem of protein 
shortage is compounded by increasing population.
The most practical and appropriate way of augmenting the production 
of vegetable protein in the developing world is to increase the 
cultivation of grain legumes (National Academy of Sciences, 1979).
Grain legumes are plants of the family Leguminosae which produce dry, 
edible seeds with a protein content of approximately 209 ,^ two to three 
times that of most cereal grains (Autret, 1970). Approximately 
fifteen species of grain legume are extensively cultivated by man, 
mainly in the tropics and sub-tropics (Okigbo, 1978). Where protein 
malnutrition is at its most severe, dried legume seeds or "pulses" 
represent the cheapest source of storable protein and form an essential 
complement to carbohydrate staples such as rice, maize and cassava.
There are, however, many constraints on the production of grain 
legumes in the tropics. Soil conditions are often poor, the climate 
may be characterised by extremes of temperature, rainfall or humidity.
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and the growing plant is often highly susceptible to attack by 
pathogens and insect pests. In addition, small-scale farmers are 
unwilling to risk the serious losses which are frequently incurred as 
a result of insect attack while the dried seeds are in storage. Insect 
damage to the crop at this stage, which can reach catastrophic 
proportions, is caused almost entirely by beetles of the family 
Bruchidae (Centre for Overseas Pest Research, I981).
Bruchid beetles are found throughout the tropics, and all the 
species of legume cultivated extensively are attacked by at least one 
species of bruchid (Southgate, 1978). The greatest number of 
economically important bruchid species belong to the genus 
Callosobruchus. The most widespread pests within this genus, C_. 
maculatus (F.) and C_. chinensis (L.) occur throughout the tropics, 
infesting several different pulses. C_. maculatus is the most 
common pest of stored legumes in Africa, while C_. chinensis 
predominates in Asia (Southgate, 1964).
The work described in this thesis concentrates on C_. maculatus.
This species is known by a variety of common names, the most frequently 
used being the "southern cowpea weevil". Although C_. maculatus will 
infest several species of grain legume, including green gram (Vigna 
radiata (L.) Wilczek), pigeon pea (Ca.janus cajan (L.) Millsp.), chick 
pea (Cicer arietinum L.) and lentil (Lens culinaris, Medik), its 
preferred host is the cowpea (Vigna unguiculata (L.) Walp.) (Southgate, 
1978). It is therefore of greatest importance as a pest in those 
areas where large quantities of cowpeas are produced and stored.
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The cowpea is widely regarded as having originated in Africa, 
where the greatest number of Vigna species are to be found and where 
a wild form of V. unguiculata occurs. Although now grown in many 
parts of the tropics and sub-tropics, it remains of greatest 
importance in western Africa where it is cultivated extensively in the 
drier Savannah zones. In these areas cowpeas are often grown in 
association with cereals such as sorghum or millet, by small-scale 
farmers who cannot afford expensive pest control measures to protect 
their crops.
Losses
None of the available estimates of the actual quantity of legumes 
lost as a result of infestation by bruchids have been obtained using 
acceptable and reliable loss measurement techniques (Harris and Lindblad, 
1978). However, extensive surveys carried out by Caswell in northern 
Nigeria, the largest cowpea producing area, indicate that large 
quantities are lost to C_. maculatus every year.
Infestation by C_. maculatus begins in the field while the pods 
are ripening. If the pods are picked as soon as they are dry then 
the number of seeds damaged is relatively small (2.5^). However, if 
individual dry pods are left on the plant until the whole crop is 
ready to be harvested together, as many as 10^ of the seeds may be 
damaged before they are placed in storage (Çaswell, I968). Even 
seeds which appear undamaged at harvest may contain larvae, which 
then serve as the source of infestation in the store.
In many regions of west Africa, local farmers store the seeds in 
their pods in specially constructed thatched granaries. The pods 
themselves afford considerable protection for the seeds within. At 
the end of an experimental study in which threshed and unthreshed
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cowpeas were kept in traditional stores for nine months, 87% and ~^2?/o 
of the seeds, respectively, showed signs of bruchid infestation 
(Caswell, 1968). When the farmer sells the produce it is shelled and 
then stored in sacks. Without the protection afforded by the pod, 
the population of £. maculatus multiplies rapidly. Results of a long­
term survey conducted in local markets across northern Nigeria showed 
that approximately of the seed being sold by traders bore signs of 
C_. maculatus infestation when cowpea stocks had been in storage for 
3-4 months (Caswell, I981).
A single £. maculatus individual is reputed to consume approx­
imately y/o of the weight of an average-sized cowpea during larval 
development (Booker, 1967). Estimates of the actual loss in dry 
weight of cowpea caused by C_. maculatus over a six month storage 
period can be as high as 30^ (IITA, I983). In addition to the weight 
loss, the germination potential of infested seed is reduced in 
proportion to the amount of cotyledon consumed by the beetles (Booker,
1967).
The loss of revenue suffered by individual farmers as a result of 
damage to cowpea by £. maculatus is difficult to estimate. Many 
farmers are forced to sell their crop soon after harvest, at a time 
when prices are low, to prevent it becoming badly damaged by the insect 
pest. They then have to buy cowpeas at a later date, when prices are 
much higher. Storing the crop for a longer period, however, may 
result in much greater loss of revenue as contamination by insects 
increases.
The total annual loss of revenue in Nigeria as a result of 
£. maculatus damage to cowpeas is estimated at 20 million pounds 
(IITA, 1983).
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Biology
The life-cycle of £. maculatus is typical of bruchid species 
in being specifically adapted to development in the mature legume 
seed. Adult females stick their eggs individually onto the surface 
of legume seeds or onto the dried pods. The eggs hatch after 
approximately 4-7 days (Osuji, I982), the first instar larvae 
burrowing directly through the testa into the cotyledon below.
Females of another important pest species, Acanthoseelides obtectus 
(Say), do not stick their eggs to the surface of host seeds but simply 
scatter them among harvested beans (Southgate, 1979).
A growing larva of C_. maculatus develops entirely within a single 
seed, feeding on the cotyledons and excavating a chamber in which it 
will pupate. Before pupation, the final instar larva removes the 
material from immediately beneath an area of testa to form a round 
"window" through which the adult will emerge.
After adult eclosion the beetle may remain within its larval 
chamber for several days before breaking through the window in the 
testa. Adults are sexually mature on emergence from the seed.
Female C_. maculatus emit a pheromone which is attractive to males 
and copulation frequently takes place within a few minutes of 
emergence (Qi and Burkholder, I982).
Mated females will usually begin to oviposit on the same day 
laying, on average, about eighty eggs over their adult life-span ^see 
Table 1.1 , P.20). Adults do not have to feed and, under laboratory 
conditions, die within approximately 10 days. Larson and Fisher 
(1938) reported that if food is provided in the form of honey or sugar 
solution, adult longevity may be greatly extended and the fecundity of 
females increased. Alzouma (198I) postulated that in the field adult
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C_. maculatus may feed on the pollen of plants such as sorghum and 
millet. The fecundity of females in field populations of C_. naculatus 
may therefore differ from that of those females emerging from legume 
seeds in storage, who are unlikely to have access to pollen or other 
suitable nutrient sources.
The effects of environmental conditions on the biology of 
C_. maculatus have been investigated extensively (Larson and Fisher, 
1938 ; El-Sawaf, 1956 ; Howe and Currie, 1964 ; Giga and Smith, I983). 
Temperature is the most important physical factor influencing the 
rate at which a population of C_. maculatus will multiply. Although 
temperature affects both the development period and the fecundity 
of individuals, the optimum levels for these two biological parameters 
are not necessarily the same.
The upper and lower temperature thresholds for development are 
approximately 37°C and l8°C respectively, the optimum temperature 
lying between 32-35°C (Howe and Currie, 1964 ; El-Sawaf, 1956). At 
this temperature development takes between 20 and 21 days. At lower 
temperatures, however, development is slower averaging 28 days at 25°C 
and 91 days at 20°C (Giga and Smith, I983). At l8°C, El-Sawaf (1956) 
recorded mean duration of development from egg to adult eclosion as 
l40 days.
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Maximum Mean 
Egg Production 
/Female
Geographical 
origin of 
population
Reference
128 .0 India Raina(1970)
106.2 Unknown Howe and Currie (1964)
104.0 India Mookherjee and Chawla 
(1964)
89 .7 Egypt El-Sawaf (1936)
81 .0 U.S.A. Fujii (1968)
73 .1 Brazil
(Campinas)
Giga and Smith (I983)
5 9 .8 Unknown Nwanze and Horber (197
50 (approx.) Unknown Bellows (1982)
Table 1.1 Maximum values obtained by different authors
for mean egg production of individual C. maculatus
females.
21
Temperature also effects the longevity and fecundity of adult 
females. El-Sawaf (1956) stated that the mean longevity of females 
which developed at l8°C was 22.5 days, whereas females reared at 35°C 
lived for only 6.5 days. Females which live longer do not necessarLly 
lay more eggs however, the optimum temperature for maximum oviposition 
having been recorded as 25°C (El-Sawaf, 1956), 30°C (Giga and Smith, 
1983) and 35°C (Howe and Currie, 1964).
In general, humidity has less effect than temperature on the 
development of C_. maculatus populations. Nevertheless, at very low 
humidity (i.e. or less) development is prolonged. At a temperature 
of 30°C, Schoof (1941) recorded median development periods of 21 days 
and 29 days, at 91^ RH and 3% RH respectively. Both El-Sawaf (1956) 
and Howe and Currie (1964) stated that females lay fewer eggs at very 
low humidities.
Other factors such as the density of the larval population within 
a sample of seeds can affect the development period of individuals.
High larval densities cause the temperature and the moisture content 
of the seeds to rise (Sano, 196?; Htida, I963) and this in turn speeds 
up larval development.
Polymorphism
Several authors have reported the occurrence of polymorphism in 
C, maculatus (Htida, 1965, 1968 ; Caswell, I96O ; Sano, I967 ; Nwanze 
and Horber, 1975 ; Taylor and Agbaje, 1974). Two adult forms have been 
described which differ in their behaviour, morphology and physiology. 
Based upon their behaviour these forms were labelled the "active" or 
"flight" form and the "normal" or "flightless" form. Differences have 
been reported in the size of the two forms (Htida and Takahashi, I958), 
in the colour pattern of the elytra and pygidium (Southgate et al.,
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1957) and in the form of the male genitalia (Arora et al., I967).
The active form is stated to have a longer adult lifespan than normal 
adults (Caswell, I96O), hut "active" females lay fewer eggs in total 
(de Carvalho and Machado, I967).
Utida (1972) reviewed the biological factors believed to induce 
this dimorphism. The most important of these factors is larval 
crowding which causes a subsequent rise in temperature of the host 
seeds. This suggests that production of the active form is a response 
to over utilisation of a limited food resource. The increased 
tendency of beetles emerging from heavily infested seeds to fly, may 
have the effect of distributing the population to new food supplies. 
Taylor and Agbaje (1974) recorded active forms flying away from store­
houses and active forms have been reported to outnumber normal beetles 
in the field (Taylor and Aludo, 1974).
In his latest review of this subject, Utida (I981) has postulated 
the involvement of both environmental and genetic factors in inducing 
the production of active form adults. Where the two types occur 
simultaneously the active form dies out, being out-competed by normal 
forms with higher fecundity and less delay between mating and 
commencement of oviposition. Because of this the active form 
disappears from populations maintained in the laboratory. However, 
Renwick (pers. comm.) has shown that if larval populations are very 
dense, then active forms may reoccur in laboratory cultures from 
which they had previously died out. This happens more commonly in 
some populations of £. maculatus than in others, providing further 
evidence for the involvement of genetic factors in this polymorphism.
No active forms of £. maculatus were observed in the populations 
used in this study.
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Nomenclature
A great deal of confusion surrounds the early literature on 
Callosobruchus maculatus. First described by Fabricius (1773) as 
Bruchus maculatus, it has at various times been assigned to the 
genera Mylabris, Laria and Pachymerus (Larson and Fisher, 1938).
The name Callosobruchus was first used to describe a sub-genus of 
Bruchus (Pic, 1902) until Bridwell (1929) proposed Callosobruchus as 
a separate genus.
Individual specimens have been identified under many different 
specific names and considerable doubts exist concerning the synonymy 
of maculatus. Southgate e£ al.(1957) listed five specific names 
which can be accepted as synonyms of Callosobruchus maculatus. The 
commonest of these in the early literature is Bruchus quadrimaculatus 
(Brauer, 1925 ; Larson and Fisher, 1924).
Other species within the genus Callosobruchus have frequently been 
misidentified as £. maculatus and some of these, notably £. analis (F.), 
have until recently been regarded as synomymous (Southgate e_t ^ . , 1957).
Host Plant Relationships
£. maculatus is widely regarded as having originated in Africa 
(Southgate, 1964) where the indigenous pulse is the cowpea (Smartt,
1976). The movement of harvested legumes has since spread this pest 
to all the continents where tropical and sub-tropical conditions 
prevail, and to most of the Caribbean and Pacific Islands. The major 
limiting factors to the distribution of the species are temperature 
and the availability of suitable host species (Southgate, I978).
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Although £. maculatus is now found in the Mediterranean region, 
particularly where lentils and chickpeas are grown, there are no 
records of chickpeas in Spain being attacked. This is probably due 
to the unsuitability of the climate, notably the low winter temper­
atures. Similarly, C_. maculatus is replaced as the major pest species 
in the colder highland regions of southern Africa by Callosobruchus 
rhodesianus (Pic), which is the more successful of the two species at 
low temperatures (Giga and Smith, I983).
Like most storage bruchids £. maculatus is oligophagous, although 
it is not as restricted in its host range as other important bruchid 
pests, such as Acanthoscelides obtectus (primarily a pest of haricot 
beans, Phaseolus vulgaris L.) and Caryedon serratus Olivier (solely 
a pest of groundnuts, Arachis hypogea). The reasons for this 
comparative specificity among bruchids are not well understood but 
they are certainly complex and probably involve behavioural, physical 
and chemical factors.
The behavioural mechanism by which £. maculatus finds and 
recognises a suitable host seed may control some aspects of host 
specificity. Once a female has selected an oviposition site, the 
suitability of that site is determined by two criteria. The larva 
will be unable to complete development on the host if it is physically 
unable to penetrate the testa or, if having done so, it reaches a 
material which is either indigestible or toxic. Janzen (197?) studied 
the ability of £. maculatus to infest seeds of a large number of 
legumes not regarded as suitable hosts for this species. Of the 63 
legume species on which female £. maculatus laid eggs, 39^ proved 
physically resistant to penetration by first instar larvae. When the 
testa of the seeds was removed, ^2% of these legumes still caused early 
death of the larvae.
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It has been postulated for some years that "secondary” chemical 
compounds play an important role in determining the host specificity 
of many bruchid species. Certainly many leguminous seeds contain 
factors which reduce the digestibility of their proteins (Liener, 1982). 
Some of these compounds, notably protease inhibitors in soya beans 
(Glycine max (L.) Merr.) and cowpeas (Gatehouse and Boulter, I983), 
saponins in several legume species (Applebaum et al., I9 65, 19&9) and 
phytohaemagglutinins (lectins) in haricot beans ( Janzen e;b , 1976 ; 
Gatehouse e;t al., 1984) have been shown to be effective in preventing 
the larvae of certain bruchid species from completing development.
Applebaum (1964) proposed that protease inhibitors in legumes 
evolved as a defence mechanism against insect attack. He suggests 
that certain bruchid species have become pests by virtue of their 
ability to develop metabolic pathways which either by-pass proteolysis 
or are insensitive to the presence of inhibitors in the legume seeds.
The larvae of these species are thereby permitted to develop in the 
absence of competitive pressure from other insects.
If the inter-related evolution of grain legumes and bruchids is 
accepted then it is possible that some of these toxic seed constituents, 
evolved as defence mechanisms, have become attractive to certain bruchid 
species and act as oviposition stimulants (Huignard, 1976 ; Pouzat, 
1978). The presence of certain of these compounds may even have 
become necessary for the survival of larvae adapted to feed on that 
legume species. Such a relationship exists between the bruchid 
Caryedes brasiliensis and its sole host, the legume Dioclea megacarpa. 
The larvae of C_. brasiliensis are able to metabolise the non-protein 
amino acid L - canavanine, found in the seeds of this legume and have 
become dependent on this chemical as a source of nitrogen (Rosenthal,
1983).
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Not only do bruchid pests show a preference for certain species 
of legume host but, if given a choice, they will frequently exhibit 
a preference for certain varieties of a host species (Nwanze _et , 
1975)' Again, this preference can be seen as operating at two levels 
- host selection and developmental comparability. Several authors 
have noted that females of Callosobruchus species prefer to oviposit 
on smooth rather than rough surfaced varieties of different pulses 
(Avidov, Applebaum and Berlinger, 1965 ; Booker, 1967 ; Schalk et al., 
1975 ; Wadnerkar et al., 1975)• The size and shape of the host seeds 
may also influence females in their preference for a particular host 
variety (Avidov, Berlinger and Applebaum, I965).
There are several reports of differences among host varieties in 
the ease with which larvae of Callosobruchus species penetrate the 
seed coat (Podoler and Applebaum, I968; Nwanze and Horber, 1976 ; 
Taleknar and Lin, I981) and in the level of larval mortality which 
occurs during development within the seed (Podoler and Applebaum, 1971; 
Osuji, 1976 ; Dabi et 1978).
These studies are not strictly relevant to the situation in rural 
storage where bruchids rarely have a choice of variety on which to lay 
their eggs and will oviposit on whatever host seeds are present. 
Differences in the susceptibility of host varieties to bruchid attack 
may, however, provide plant breeders with sources of resistance which 
can be incorporated into legiune improvement programmes.
The present restrictions on the range of host plants suitable for 
the development of the major bruchid pests may not be permanent. These 
species are mobile and capable of adapting quickly to changes in their 
environment. The arrival of a pre-adapted "strain" in a new and 
climatically suitable environment could result in an increase in the 
range of distribution of that species (Southgate, 1979).
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Breeding for Resistance to C. maculatus
A variety of pest control techniques can be employed to reduce 
the losses caused by C_. maculatus to legumes in storage. Cultural 
practices, such as cleaning out storage containers and burning 
residues of the old crop before introducing the new harvest, at least 
reduce the risk of cross-infestation. The new crop can be 
adequately protected over a short period using various forms of 
insecticide treatment. The walls of the store can be sprayed with 
a residual insecticide or a dilute insecticide dust can be mixed with 
the crop prior to storing. Once the harvest has been loaded, the 
store can be fumigated if there is evidence of infestation. The use 
of hermetic containers, such as sealed oil drums or heavy plastic 
sacking, can also prevent the pest population from multiplying 
rapidly.
Many of these methods are typically beyond the means of small- 
scale farmers in developing countries (O'Dowd, 1971). In addition, 
the critical build up of C_. maculatus populations appears to occur 
most frequently after the crop has been threshed for sale to market 
traders. Cowpeas and other pulses are often marketed in small 
quantities in open containers, under conditions where pest control 
using insecticides would be difficult and undesirable (Redden ejb al.,
1985).
To make possible a reduction in cowpea losses to £. maculatus 
without dependence on chemicals or other expensive control measures, 
the Grain Legume Improvement Programme at the International Institute 
of Tropical Agriculture (IITA) near Ibadan in Nigeria, sought to 
develop cowpea lines resistant to bruchid attack. After screening 
a world germ-plasm collection of approximately seven thousand 
accessions only one variety, discovered in a market in northern Nigeria,
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was found to markedly reduce the rate at which local populations of 
£. maculatus would increase (IITA, 1981). The bruchid resistant 
properties of this variety (known as TVu 202?) were not due to any 
physical characteristic of the seed coat. Females will lay eggs on 
this variety. Larvae successfully hatch from the eggs and penetrate 
the testa to feed on the underlying cotyledon (Redden al., I983).
The high mortality of larvae within the seeds, therefore, strongly 
suggested the presence of a toxic compound in the cowpea cotyledon.
Biochemical analysis of the seeds revealed that TVu 2027 contains 
a trypsin inhibitor at approximately twice the level found in 
susceptible varieties (Gatehouse ^  , 1979). None of the other
classes of secondary compounds implicated as anti-metabolic substances 
in legumes (saponins, lectins, non-protein amino acids) were present 
at concentrations higher than that of control varieties. When purified 
trypsin inhibitor, extracted from the resistant seeds, was incorporated 
into semi-artificial diets (pelleted meal), the mortality of larvae was 
similar to that which occurred on TVu 2027 seeds (Gatehouse and 
Boulter, I983). It was therefore concluded that the resistant 
properties of TVu 2027 were conferred, at least in part, by the 
abnormally high levels of trypsin inhibitor present.
Unfortunately, TVu 2027 is of low yield potential and is highly 
susceptible to most of the principal humid zone diseases, especially 
cowpea yellow mosaic virus. It has therefore been crossed with more 
suitable agronomic types to produce breeding lines with bruchid 
resistance, high yield potential, disease resistance and desirable 
plant type (IITA, I983). These new hybrid cultivars are currently 
being evaluated at IITA.
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Geographical Variation in C. maculatus
The Storage Department of the Tropical Development and Research 
Institute (TDRI) at Slough, has collaborated with IITA in assessing 
the resistant properties of TVu 2027. Although experiments performed 
at TDRI confirmed that seeds of this variety were highly resistant to 
£. maculatus, anomalies occurred in results from the two centres. 
Further investigations at TDRI revealed that the local "strain" of 
£. maculatus used in screening experiments at IITA suffered less 
severe larval mortality on TVu 2027 seeds than did the Brazilian 
"strain" of £. maculatus used at TDRI (Redden e£ , I983).
The word "strain" is used here simply to denote populations of 
C_. maculatus collected from different geographical areas. Other 
authors (Fujii, 1968, I969 ; Applebaum et al., I968 ; Nakamura, I969 ; 
Huignard and Biemont, 1978 ; Giga and Smith, I98I, I983 ; Messina and 
Renwick, (in press)) have also used the term "strain" when describing 
geographical variation in behavioural, ecological and morphological 
characteristics of some Bruchidae. Although the number of studies in 
which such variation has been reported is limited, the possibility 
exists that strain differences are widespread among those bruchids 
which have become cosmopolitan.
Geographical variation in these pest species is both of academic 
interest and of practical importance. Variation among strains of 
£. maculatus may be one of the main reasons why attempts to measure 
biological parameters of this species, such as fecundity, have yielded 
markedly varying results. Any differences among C. maculatus 
populations affecting their intrinsic rate of increase may have 
implications for their economic importance on traditional cowpea 
varieties. In addition, geographical variation between strains of 
£. maculatus may influence the success of new bruchid resistant cowpea
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lines currently being developed at IITA.
The work described in this thesis foms part of a laboratory 
study carried out to investigate variation in the response of 
£. maculatus strains to susceptible and resistant varieties of 
cowpea.
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CHAPTER 2 
MATERIAIB AxTD METHODS
Insect Strains
Three strains of Gallosobruchus maculatus were used. These 
strains, labelled as "Campinas", "Yemen" and "IITA.", were Identified 
as £. maculatus by Dr. P. Dobie, at the Tropical Development and 
Research Institute (TDRI) Laboratories, Slough and Mr. B.J. Southgate, 
at the Ministry of Agriculture, Fisheries and Food (MAFF) Laboratories, 
Slough. The Campinas strain was collected from cowpeas on a farm in 
south-eastern Brazil in 1975  ^ and arrived at TDRI, Slough in the same 
year. The Yemen strain was collected from green lentils (Lens 
culinaris ) near Damar in the Yemen Arab Republic in 1976, and was 
cultured on cowpeas at the MAFF Laboratories, Slough, until I98I, 
when it was transferred to TDRI. The IITA strain was collected at 
the International Institute of Tropical Agriculture, at Ibadan in 
Nigeria, sometime before 1978 and was cultured on local cowpeas.
This strain arrived at TDRI, Slough in 198I.
Photographs of males and females of the three strains are
presented in Plate 2,1. The body colour and the pattern on the
elytra vary widely in £. maculatus (Southgate, Howe and Brett, 1957;
Concetta Calabretta, I969; Utida, 198I), The markings on the
individuals in these photographs are typical of each sex and strain
but these markings were not invariable. The elytral patterns in all
three strains are like those described by Southgate et ad (1957) who
stated that female £. maculatus are usually maculate, whereas the
male is plain. Males of the Campinas strain have a more obvious
pattern on the elytra than males of the other two strains under 
investigation.
Plate 2.1 Males (left) and females (ri^t) of (a) Yemen,
(b) IITA. and (c) Campinas strains of Callosobruchus 
maculatus, showing the typical elytral colour patterns 
for each strain.
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In £. maculatus, females are typically heavier than males at 
emergence (Howe and Currie, 1964).
Cowoeas
The insect stocks were cultured on Californian cowpeas, of the 
type also known as black-eyed peas or beans, obtained in bulk from 
the Californian Bean and Grain Cooperative Ltd., via a wholesale 
retailer (Enco, Products Ltd., Fortress Road, London). Three 
cowpea varieties, known to the growers as "Cowpea #3'% "Cowpea #5", 
and "Magnolia", are marketed by this cooperative (Fellows, pers. comm.). 
The mixture of varieties in any one batch of cowpeas obtained from 
the suppliers was not known. On arrival at TDRI, Slough, the cowpeas 
were treated with Phostoxin (Degesch Gmbh., Frankfurt), to prevent 
insect infestation. This insecticide has a fumigant action but it 
is not thought to have any residual effect (Hill, 1978).
The cowpea cultivar TVu2027 originates from northern Nigeria 
and was obtained directly from IITA. The characteristics of this 
cultivar which are of value to a breeding programme include : bruchid 
resistance, a desirable large, white, rough testa seed and resistance 
to cowpea aphid-borne mosaic virus (IITA, I98I). TVu2027 is
characterised in detail in the Cowpea Germplasm Catalogue (IITA, 1974).
Maintenance of Insect Stocks
The strains of £. maculatus were cultured continuously in a 
controlled temperature and humidity (CTH) room maintained at 27 + 1°C 
and 70 + 5% Relative Humidity (RH) at the Storage Department, TDRI, 
Slough. The beetles were kept in cylindrical glass jars, 15 cm in 
diameter and 17 cm high, with a capacity of 2.5 litres. The jars 
were closed with black filter paper, sealed over the aperture of the 
j.ar with paraffin wax and were placed on raised supports in trays
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filled with mineral oil to prevent movement of insects or mites 
among containers.
Reculturing of insect stocks was carried out at weekly intervals 
by placing approximately 700 adults on 700g of cowpeas. The peak 
period of adult emergence occurred approximately 28 days after a 
sub-culture was established. Adults from more than one sub­
culture were used in setting up new jars^ to prevent the establishment 
within each strain of a number of isolated populations. Each sub­
culture was destroyed after about 40 days when only one generation 
of adults had emerged from the cowpeas.
Prior to their use in culturing, cowpeas were placed in a freezer 
for at least 24 hours to slow down the growth of any populations of 
mites or psocids which may have contaminated the cowpeas after the 
fumigation treatment. On removal from the freezer they were 
defrosted in a microwave oven.
Maintenance of Insects During Experiments
For experimental use, black-eyed cowpeas were graded using a 
6 .7  mm diameter, circular aperture grain sieve - only those seeds 
retained by the sieve being used. Further standardisation of the 
seeds was not attempted because of the variable shape of individual 
cowpeas. Thus only a minimum size of seed was specified. However, 
few of the sieved seeds exceeded 10 mm in length or 6 mm in diameter. 
The mean wei^t of an individual cowpea after sieving was approximately 
270 g.
•After grading, the cowpeas were spread evenly and thinly on 
metal trays, covered with muslin and kept for 7 days in the CTH room 
in order to standardise their moisture content (Pixton and Warburton, 
1968). The required numbers of these "conditioned" seeds were then
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placed in glass tubes, 2 ,5 cm in diameter and 5 cm or 7 cm high, 
lined with emery cloth (Grade No, 80, English Abrasives Ltd.) to 
prevent females from*ovipositing anywhere but on the cowpeas provided. 
Without the use of emery cloth, females may oviposit directly onto 
the surface of the glass tubes. Authors who have ignored the 
tendency of C. maculatus females to lay eggs on container walls and 
have counted only those eggs laid on the cowpeas, may have under­
estimated total egg production.
After introduction of the beetles, the glass tubes were closed 
with foam bungs permeable to air and placed in the CTH room, or in 
an incubator set at 27 + 1°C and 7C + IC^ RH.
Although no attempt was made to sterilise either the glass tubes 
or the foam bungs used in these experiments, no evidence of microbial 
contamination was found on the cowpeas in the tubes.
Cbtaining Unmated Adults
Unmated adults were obtained by removing from the culture Jars 
cowpeas with very obvious "windows", indicating the presence of fully 
developed beetles within. These cowpeas were placed in glass tubes 
sealed with foam bungs and kept under observation,enabling adults to 
be collected as they emerged. The beetles were sexed immediately 
using the male and female characteristics described in detail by 
Southgate et ad (1957 ) • The sexes were kept in separate containers 
until they could be placed in the experimental tubes. This was done 
within one hour of emergence from the seed.
When attempting to measure total female egg production, some 
authors (e.g. Howe and Currie, 1964; Giga and Smith, I9 83) used 
adults collected from legume seeds at daily intervals. As c. 
maculatus adults will mate within minutes of emergence and females
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may begin to oviposit within two hours of copulation (Wright, 
unpublished data), this method may have resulted in the under­
estimation of a female’s egg-laying potential. Following the 
procedure described here ensured that all the beetles were unmated 
when they were placed in the experimental containers. It is there­
fore unlikely that any of these females had begun to oviposit, 
although virgin females isolated with seeds will eventually begin 
to lay infertile eggs (Bellows, I982).
Recording Numbers of Eggs Laid and Numbers of Adults Emerged 
The total numbers of eggs laid and the numbers of eggs which 
failed to hatch were recorded I8 days after the unmated adults were 
placed in each tube. Under the experimental conditions described 
above, no adult survived for more than ten days and eggs took between 
four and seven days to hatch (El-Sawaf, 1956). A period of 18 days 
from the first day of oviposition was therefore sufficient for all 
fertile eggs to hatch. Adult emergence began 25 days after the first 
day of oviposition. A maximum of seven days was therefore available 
in which to record the numbers of eggs laid. This placed an upper 
limit on the number of contemporary replicates which could be 
included in any single experiment.
Those eggs recorded as "unhatched" included eggs in which 
embryonic development was completed but the larvae subsequently 
failed to penetrate the testa of the cowpea. The number of 
"hatched eggs" on any seed was therefore equivalent to the initial 
number of first instar larvae developing within that seed.
The recording of adult emergences was performed at daily 
intervals and was continued until three consecutive days had passed 
without ftirther emergences.
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Determination of Cowpea Moisture Content
The moisture content of a sample of cowpeas was measured by 
following an accepted standard procedure (Anon, I98O), Cowpeas 
were ground to a coarse flour in a small electric mill. Three 
replicate samples of this flour, weighing approximately 3s each, 
were placed in small closeable aluminium containers of known weight. 
The containers were then reweighed and the weight of each sample 
recorded. The flour was dried for four hours at 115°C in a fan- 
ventilated oven. On removal from the oven, the open containers 
were allowed to cool in a dessicator, then weighed. From the 
difference in the sample weights before and after drying, the 
percentage moisture content of each flour sample was calculated and 
a mean value obtained.
This standard method assumes that the entire reduction in the 
weight of the cowpea sample during drying results from water loss. 
The possibility of a simultaneous reduction in the lipid content of 
the flour, as a result of heating to 115°C, is not taken into consid­
eration.
Measurement of Adult Beetle Weight
As body weight may change as C. maculatus adults age, the 
individuals to be weighed were killed on emergence from the cowpea 
by placing them in the freezer. However, as Ç. maculatus adults 
remain in their larval cell for 1 -2 days after adult eclosion before 
emerging (Osuji, 1982), some degree of variation in the actual age 
of the adults taken for weighing was unavoidable.
The dead adults to be weighed were removed from the freezer, 
transferred to small aluminium containers of known weight, and 
dried in a fan-ventilated oven at 120^0 for three hours. The
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containers were then allowed to cool in a dessicator, before the 
insects were removed and weighed on an electronic balance with a 
resolution of Ijag (Sartorius 4501 Micro-balance).
It is recognised that drying insects at this temperature may 
have caused a reduction in the insects’ lipid content, as well as 
a loss of moisture. The lipid content of an adult £. maculatus at 
emergence is approximately of its dry weight (Sharma, Jit and 
Sharma, I983). Although the exact amount of lipid loss incurred 
by drying at 120°C was not quantified, it is likely that this 
procedure resulted in an under-estimation of the true adult dry 
weight, i.e. adult body weight after only the moisture content has 
been removed.
Where ’’dry weight’’ of insects is referred to in the text below, 
it indicates that the weight was determined by the procedure 
described here. It is accepted that this method of weight 
measurement is not a standard procedure and may contain inaccuracies, 
e.g. loss of water and lipid may not occur at a constant rate in all 
three strains. However, the method was considered sufficiently 
accurate for comparative purposes.
Radiographic Techniques
Several authors have examined the development of C. maculatus
larvae by opening samples of legume seeds at regular intervals
(Howe and Currie, 1964; Mookherjee and Chawla, 1964). This
method has an obvious disadvantage, in that the development of an
individual cannot be followed further once a seed has been opened.
However, Osuji (1982) showed that radiography can be used to study
the development of individuals within the seed, from first instar
larva to pre-emerged adult, with no apparent detrimental effect 
on their development.
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In the experiments described here, radiography was used to 
examine the development of the different strains of £, maculatus, 
both on "susceptible" black-eyed cowpeas and on the "resistant" 
cultivar, TVu2027* Cowpeas to be X-rayed were stuck onto clear 
tape stretched over a perspex frame. The frame was placed over a 
piece of X-ray film (Industrex MX5 Film, Kodak) held on a metal plate. 
The plate was then isolated in a radiographic cabinet (Hewlett-Packard 
43804 N Faxitron X-ray system) and the film exposed for five minutes 
at a tube voltage of 12 KPV and a current of 3 mA. After exposure 
the film was immersed in DX-80 Developing Fluid (Kodak), then placed 
in FK-40 X-ray Fixative (Kodak).
Statistical Techniques
A number of statistical techniques were employed in the analysis 
of experimental results. One factor, two factor and factorial 
analysis of variance were used to determine the significance of 
differences among "treatment" means. This form of analysis was 
used frequently as it is extremely robust. It operates well, even 
with considerable heterogeneity among variances, and is affected only 
slightly by sizeable deviations from normality (Zar, 1974).
Where several treatments were compared in an analysis of 
variance and these were found to represent a significant source of 
variation, a Newman-Keuls Multiple Range Test was employed to determine 
which pairs of treatments could be separated statistically. This 
test is less powerful than an analysis of variance. It is possible 
for a null hypothesis (i.e. Hq =\p2 = ...juk) to be rejected by
an analysis of variance and for the subsequent Newman-Keuls procedure 
to fail to detect differences between any pairs of means. Where the 
Newman-Keuls test indicates there is a difference between two means, 
these means differ significantly with a probability (P) < O.O5 , or less.
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Analysis of data involving populations which deviate markedly 
from the normal distribution was carried out using a Frugal-Wallis 
nonparametrie test procedure for single factor analysis of variance 
by ranks. Several other routine statistical tests were employed 
when necessary. Most of the parametric tests were performed using 
a Hewlett-Packard 45B Desktop Computer.
On several occasions the same data were examined using more 
than one statistical procedure. This was done only after consulta­
tion with Dr. D. A. Preece, O.D.A. Biometrics Liaison Officer at 
Rothamstead Experimental Station.
The protocols of individual experiments are described in their 
appropriate chapters.
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CHAPTER 3
METHODS FOR ESTIMATION OF BASIC BIONOMIC PARAMETERS 
Introduction
The density at which larvae of Callosobruchus maculatus 
develop within a host seed affects the behaviour, morphology and 
physiology of the adults emerging from that seed. Larval crowding 
encourages the appearance of "active" forms in the adult population 
(Utida, 1965, 1972 ; Sano, 1967), possibly by causing an increase in 
the temperature within the seeds. The density at which £. maculatus 
larvae develop also affects the size they will have attained at 
emergence (Nwanze and Horber, 1975) and the fecundity of females as 
adults (Credland, unpublished data). Any attempt to compare the 
bionomie characteristics of adult populations must therefore take 
into account the density of these populations during larval development. 
To establish a basis on which comparisons between strains could be 
made, the initial larval density in successive sub-cultures of each 
strain had to be measured.
Several authors have attempted to determine the maximum fecundity 
of C. maculatus females (El-Sawaf, 1956 ; Howe and Currie, 1964 ; 
Mookherjee and Chawla, 1964 ; Giga and Smith, 1983). However, many 
factors influence egg production in this species (see Chapter 1) and 
the results of these studies have been very variable. Before 
commencing comparative studies, therefore, the relationship between 
the number of cowpeas available and the egg production of individual 
females had to be established in detail for a single strain. As
much of the recent work relevant to the present study has been 
performed on the Campinas strain of £. maculatus (Gatehouse et ad ,
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1979 ; Giga and Smith, I98I, 1983 ; Redden, Dobie and Gatehouse,
1983), this strain was used in the preliminary experiments.
The aim of the first of these experiments was to determine the 
relationship between the number of cowpeas available to individual 
females, and the resulting levels of egg production, pre-adult 
mortality and adult emergence. A second experiment was designed to 
investigate the daily pattern of egg production by females over their 
life-span, by providing females with "fresh" cowpeas each day. This 
was the method used by Howe and Currie (1964), El-Sawaf (1956) and 
others, to determine the fecundity of C, maculatus females.
Methods
Measurement of Larval Density in Culture Jars
Eighteen days after the establishment of a sub-culture the 
culture jar was opened and the cowpeas transferred to a large plastic 
container. They were then mixed thoroughly by hand to distribute 
seeds from the top and bottom layers of the culture jar evenly within 
the bowl. The risk of removing eggs from the seeds during handling 
was considered to be small, in view of the firmness with which the 
eggs are stuck to the seed coat. A sample of I80 cowpeas was then 
removed from the container and the number of hatched eggs on each 
cowpea in the sample was recorded. All the seeds were then returned 
to the culture jar which was sealed and replaced in the CTH room.
The adults emerging in this jar were used to establish another 
sub-culture. When all adults had emerged, the cowpeas in the jar 
were again transferred to a plastic container and thoroughly mixed.
A sample of I80 cowpeas was removed from the container and the number 
of emergence holes in each seed was recorded. Preliminary observations 
showed that at the density of larval population found in the culture
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jars, counting the number of emergence holes in each seed gave an 
accurate indication of the number of adults which had emerged.
This procedure was carried out on eight successive culture jars, 
for each of the three strains.
Total Egg Production in Relation to Cowpea Number
TWenty replicates were set up of tubes containing one, three, 
five, ten and forty cowpeas. A pair of adult beetles, one male and 
one female, both virgins taken within one hour of emergence, was 
placed in each tube. The tubes were then placed in an incubator. 
They were removed l8 days later when the numbers of hatched and 
unhatched eggs on each cowpea were counted. The cowpeas were 
returned to the incubator for a further 22 days, after which time 
the total numbers of emerged adults in each tube were recorded.
Daily Egg Production on "Fresh" Cowpeas
Twenty five replicates were set up of tubes containing one,
•fevo, three, four, five and ten cowpeas. One male and one female 
beetle, both virgins taken within one hour of emergence, were placed 
in each tube. The tubes were then placed in an incubator, as before, 
but at 24 hour intervals the seeds were 'removed and replaced with 
the same number of "fresh" cowpeas (i.e. cowpeas which had been 
conditioned in the CTH room but had not been exposed to beetles at 
any stage). This procedure was continued until the female in each 
tube had ceased to lay eggs. Eighteen days after setting up the 
experiment the numbers of hatched and unhatched eggs on the seeds in 
each tube were counted.
An additional twenty tubes were set up containing five cowpeas 
each. One pair of virgin adults, taken from the same culture as 
those used in the previous experiment to determine egg production on
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unchanged cowpeas, was placed in each tube. The beetles were 
again provided with the same number of fresh seeds at 24 hour 
intervals. The number of eggs laid on each cowpea was recorded l8 
days after the adults were first placed in the experimental tubes.
Results
Measurement of Larval Density in Culture Jars
The data for the three strains were analysed separately using 
one-way analysis of variance. Within each strain significant 
differences exist (p< 0 .0001) among cultures, both in the number of 
hatched eggs found on each cowpea and in the number of adults emerging 
from each cowpea (Table 3.1, 3.2 and 3.5)»
The overall mean numbers of hatched eggs on each seed for the
eight sub-cultures examined were 3.52, 4.15 and 5.15 for the Yemen, 
IITA. and Campinas strains respectively. The maximum divergences 
from the overall mean by any single culture were 1 .5 5, 2 .0 2 and 2 .2 9
eggs per cowpea for the Yemen, IITA and Campinas strains.
The overall mean numbers of emerged adults from each seed were 
1 .98, 5 .4 9 and 4 .3 5 for the Yemen, IITA and Campinas strains, and the 
maximum divergence from the overall mean by a single culture was I.0 8, 
2 .8 2 and 1 .9 0 adults per cowpea respectively.
Total Egg Production in Relation to Cowpea Number
The mean number of eggs laid by females of the Campinas strain- 
increased from 41.4 when each female had access to only one cowpea, 
to 8 5 .6 when forty seeds were available in each tube (Fig.3.1).
This increase was not linear however, being less marked for each 
additional cowpea once more than five cowpeas were available to each 
female.
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Table 3.1 Mean values and analysis of variance of (a) 
number of hatched eggs, and (b) number of 
emergence holes, per cowpea, in eight 
successive sub-cultures of the Yemen strain. 
(Each mean calculated from l80 observations 
listed in Appendix 1 (a) ).
Sub- Mean No. of
Culture Eggs per Cowpea
7 2.33
4 2 .7 2
1 2.79
8 3.14
5 5.54
6 5.59
2 3.78
5 4.67
Mean No, of 
Emergence Holes 
per Cowpea
1.55
1 .9 8
2.12
0 .9 1
2.48
2 .0 7
1 .8 7
2 .8 7
(a) Analysis of Variance
(b)
Source Df SS MS Variance
Ratio
Sub-
Culture 7 682 .1 97.4 3 6 .2 p< 0.0001
Error 1432 5851 .7 2.7
Total 1439 4555 .8
Analysis of Variance
Source Df SS MS Variance
Ratio
Sub-
Culture 7 436 .2 6 2 .3 4 9 .0 p< 0 .0001
Error 1432 1821.3 1.5
Total 1439 2257.5
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Table 3*2 Mean values and analysis of variance of (a) 
number of hatched eggs, and (b) number of 
emergence holes, per cowpea, in eight 
successive sub-cultures of the IITA strain, 
(Each mean calculated from l80 observations, 
listed in Appendix 1 (b) ).
Sub- Mean No. of
Culture Eggs per Cowpea
1 2.74
8 2,83
7 2.92
5 4.09
6 4.68
3 4.70
2 4.95
4 6.15
Mean No. of 
Emergence Holes 
per Cowpea
2.07
1.41 
1.68
5.41 
3.84 
6.31 
4.45 
4.78
(a) Analysis of Variance
(b)
Source Df SS MS Variance
Ratio
Sub-
Culture 7 1880.4 268 .6 51 .11 p < 0 .0001
Error 1432 7526 .8 5 .5
Total 1439 9407.2
Analysis of Variance
Source Df SS MS Variance
Ratio
Sub­
culture 7 3657 .0 522 .4 129 .1 p< 0.0001
Error 1432 5796.9 4.1
Total 1439 9455.9
47.
Table 5.5 Mean values and analysis of variance of (a) 
number of hatched eggs, and (b) number of 
emergence holes, per cowpea, in eight 
successive sub-cultures of the Campinas strain, 
(Each mean calculated from l80 observations, 
listed in Appendix 1 (c) ),
Sub- Mean No. of
Culture Eggs per Cowpea
5 2.86
8 3.15
1 4.82
7 4.92
2 5.12
6 6.35
5 6.97
4 7.02
Mean No. of 
Emergence Holes 
per Cowpea
2.45
5.15
4.51
4.15 
4.57 
5 .0 6
5.64
5.48
(a) Analysis of Variance
(b)
Source Df SS MS Variance
Ratio
Sub-
Culture 7 3172 .4 4 5 5 .2 48.0 p < 0.0001
Error 1432 13512.0 9.4
Total 1439 16684.3
Analysis of Variance
Source Df SS MS Variance
Ratio
Sub­
culture 7 1546.6 221.0 57.4 p <0.0001
Error 1432 8462.8 5.9
Total 1439 10009.5
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The mean number of adults emerging in each tube also increased 
with the number of cowpeas available to each female, from 10.48 when 
all the eggs were laid on a single seed, to 7 5 .6 8 when each female 
had forty seeds (Pig 3.2). The mean number of adults emerging from 
a single infested seed increased with the number of eggs on that 
seed and reached a maximum of 11.25 when approximately twenty eggs 
were present on a single cowpea (Fig. 3.4). An increase in the 
mean density of eggs per cowpea above this value did not result in a 
larger number of adults emerging from each seed.
Although the number of eggs which failed to hatch did not differ 
significantly with the number of cowpeas available to each female 
(Table 3.4), mortality during post-embryonic development within the 
seed declined sharply as the mean egg density on the cowpea decreased 
(Fig. 3.5).
Daily Egg Production on "Fresh" Cowpeas
The number of fresh cowpeas available daily had little effect 
on the pattern of egg laying over the whole oviposition period, egg 
production always being highest on the first day after emergence.
The duration of the oviposition period was the same regardless of 
the numbers of cowpeas available (Fig. 5.5). Individual females 
laid a total of between 56.0 and 84.6 eggs. There was, however, no 
consistent relationship between the total number of eggs laid and 
the number of cowpeas available daily (Table 5.5).
There was no significant difference in the mean total number of 
eggs laid by females given access to five, fresh cowpeas daily (8 0.l) 
and those females from the same sub-culture supplied with a total of 
five cowpeas on which to lay their entire complement of eggs (7 7.2 ) 
(Table 5.6).
Figo 3.1 Mean number of eggs laid by Campinas females placed
individually in tubes containing different numbers of 
cowpeas. Open areas of columns denote the number of 
unhatched eggs. Error bars represent 95^ Confidence 
Intervals. (Means are derived from data in Appendix 2).
Fig. 3.2 Mean number of adults produced by Campinas females
placed individually in tubes containing different 
numbers of cowpeas. Error bars represent 95^ 
Confidence Intervals, (Means are derived from data 
in Appendix 3).
Fig. 3.3 Mean percentage post-embryonic mortality within the ■ 
cowpea among the progeny of single Campinas females 
provided with different numbers of cowpeas.
Fig. 3.1
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Fig 5.4 Relationship between the number of hatched eggs 
on each cowpea and the number of Campinas adults 
subsequently emerging.
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Table 5«4 Mean values and analysis of variance of numbers
of eggs laid per female which subsequently failed 
to hatch, when females were provided with different 
numbers of cowpeas. (Each mean was calculated from 
25 observations listed in Appendix 2).
No. of Cowpeas 
per Female
1
5
5
10
40
Mean No. of 
Unhatched Eggs 
per Female
1.24 
1.52
2.24 
2.84 
1,92
Source
Cowpeas
/Female
Error
Total
Analysis of Variance 
Df 88 MS
4
120
124
44.5
751.8
796.0
11.1
6.5
Vai'iance
Ratio
1.77 N/ 8
Fig 3-5 Temporal pattern of oviposition by individual
Campinas females on different numbers of Cowpeas, 
which were replaced daily. Letters (a) - (f) 
indicate that 1 , 2 , 5 , 4, 5 and 10 "fresh" cowpeas 
were available to each female, daily. Error bars 
represent 95^ Confidence Intervals.
(Means are derived from data in Appendix 4).
52,
Fig. 5.5
30
20
10
2 4 e a
(b)
30
20
10
2 6 84
30
20
10
2 4 6 8
30
20
10
2 4 6 8
30
20
82 64
30
20
10
2 4 6 8
DAYS AFTER EMERGENCE DAYS AFTER EMERGENCE
55
Table 5*5 Analysis of variance and Newman-Keuls Multiple
Range Test comparing total numbers of eggs laid 
by Campinas females with 1 , 2, 5, 4, 5 and 10 
"fresh” cowpeas available daily.
Analysis of Variance
Source Df 88 MS Variance 
Ratio
Cowpeas
/Female 5 15800.5 5160 .1 7 .4  :
Error l4l 60558.8 429.4
Total 146 76559.1
Newman-Keuls Multiple Range Test
No, of 
Cowpeas/ 
Female
Mean
Total No. of Separation 
Eggs Laid
K 84.6 a
1 8 5 .4 a
5 85 .0 "a
10 7 6 .9 ab
2 6 7 .1 be
5 5 6 .0 c
(Each mean calculated from 25 observations)
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Table 5«ô Analysis of variance of total eggs laid by 
Campinas females supplied with 5 "fresh" 
cowpeas daily, and females supplied with 5 
cowpeas left unchanged throughout their 
oviposition period.
Source
Treatments
Error
Total
Analysis of Variance
Df SS MS Variance 
Ratio
1 96.0
45 5555.2
44 5649.2
96.0
82.6
1,2 N/S
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DISCUSSION
Among the authors who have worked extensively on bionomics of 
Callosobruchus species, few have described in detail the procedures 
they employed in the maintenance of their stock cultures. Even 
where such methodology is provided (Ciga, I982 ; El-Sawaf, 1956), 
the possibility that the density of the larval populations may vary 
among culture Jars and the consequences of such variation, does not 
appear to have been considered. As the results described here 
indicate, the degree of larval crowding can vary among culture jars 
even when culturing techniques are apparently standardised.
A number of authors have reported a reduction in adult size or 
weight as larval density increased, for a variety of different insects 
attacking stored products (Park, 1958 ; Utida, 1941 ; Snyman, 1949 S 
Nwanze and Horber, 1975). For some insects positive relationships 
between adult weight and fecundity have been demonstrate'd (Snyman,
1949 ; Ullyett, 1950). Using statistics from the linear regression 
analysis of fecundity of F]_ females on hatched egg density, Credland 
(unpublished data) calculated that for the IITA and Campinas strains 
of C. maculatus each additional larva developing within a cowpea 
caused a reduction in the mean number of eggs produced by females 
from that cowpea of O .65 and 1 .8 2 eggs, respectively.
Credland's data contradicts the work of Bellows (1982) who found 
no significant relationship between hatched egg density and progeny 
fecundity in either C. maculatus or Ç. chinensis. The mean fecundity 
of C_. maculatus females recorded by Bellows was, however, unusually 
low (40.6) ; approximately half the value recorded by Credland for 
females reared at comparable densities.
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If the mean fecundity of the strains involved in the present 
study is considered to be that of females reared at the overall mean 
larval density (for the eight sub-cUltures ), then the predicted 
maximum variation around this mean (for any one sub-culture) would 
be + 1 .5 1 and 4,17 eggs per female for the IITA. and Campinas strains, 
respectively. As Credland found no significant relationship between 
larval density and adult fecundity among Yemen females, the mean egg 
production of females from each sub-culture of this strain can be 
considered equal.
There are no obvious reasons for this variation in population 
density among culture jars, although the cowpeas used for culturing 
were not graded by sieving and thus seeds from different batches may 
have varied in size.
These results indicate that females from different populations 
of the same strain cannot be regarded as identical. The estimated 
magnitude of the variation in fecundity caused by fluctuations of 
larval density in the culture jars is, however, relatively small when 
compared with the potential fecundity of female C. maculatus. The 
results of the other experiments described here, in which the egg 
production (taken as the number of egg laid) of Campinas females was 
measured, also indicate that the variation in egg production among 
females from the same population is greater than the likely variation 
among populations of the same strain caused solely by fluctuating 
larval density. Consequently, this jar to jar variation among stock 
cultures was not considered sufficient to invalidate comparisons 
among strains.
The likely variation in fecundity among females from different 
culture populations does, however, introduce another factor which
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along with the diversity of experimental procedures and environmental 
conditions employed by different authors, may have contributed to the 
variation in measured fecundity of _C. maculatus. Attempts to 
measure the egg production of C_. maculatus females have commonly 
involved providing individual females with a small number of host 
seeds, replaced with fresh seeds at daily intervals. This method 
was used by Giga and Smith (1985) who reported that females of the 
Campinas strain provided with five fresh black-eyed cowpeas daily 
laid, on average, 67.4 eggs at 25°C and 75«1 eggs at 5G°C. Howe and 
Currie (1964) calculated mean total egg production of £. maculatus 
on six cowpeas, replaced daily, as 72.2 eggs per female at 25°C, 
rising to 91.2 at 50°C. El-Sawaf’s results, however, showed a 
different trend,females laying, on average, more eggs at 25°C (80.12) 
than at 50°C (6I.I5 ), when provided with five cowpeas daily.
The experiments described in this chapter, performed at 27°C, 
gave values approximately in the middle of this range of variation.
In two separate experiments using beetles from different culture jars, 
mean total egg production by Campinas females provided with five 
fresh cowpeas daily was 8 5 .0 and 80.1 .
Fewer attempts to measure the egg production of C. maculatus 
have involved providing individual females with an initial number of 
cowpeas which are then left unchanged during her entire oviposition 
period. Bellows (1982) reported that when single pairs of newly 
emerged adults were placed on l4-l6 black-eyed cowpeas at 50°C, 
females laid on average approximately fifty eggs. This figure is 
lower than expected when compared with the results of the present 
experiments (Fig. 5.1).
Credland (unpublished data) measured the egg production of 
Campinas females on five, ten, forty and one hundred cowpeas. His
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results agree with those of the present experiments, in that mean 
egg production increased as the number of cowpeas available to each 
female rose from five to ten. The increase in egg production for 
each additional seed was less marked when the number of seeds avail­
able rose from ten to forty, Credland's data also showed that no 
difference existed in the mean egg production of females supplied 
with forty or one hundred cowpeas.
The results obtained in these experiments using forty cowpeas 
per female are not measures of the absolute maximum fecundity of 
maculatus. Other factors such as higher temperatures (see 
Chapter 1), the provision of food for adult beetles (L.arson and 
Fisher, 1958) and the presence of other females (Giga, 1982) may 
induce females to lay more eggs. Credland's results suggest., 
however, that to provide each female with a maximum of forty cowpeas 
is adequate, when attempting to establish the relationship between 
egg production and availability of host seeds.
When the number of uninfested cowpeas available to a female 
C. maculatus is very restricted she will lay fewer eggs (Fig. 5.1). 
This reduction in fecundity does not appear to occur because the 
female detects only a limited surface area on which to deposit her 
eggs, as females with access to small numbers of cowpeas which were 
replaced daily by fresh seeds do not exhibit this suppression. It 
is more probable that egg production was .reduced in the presence of 
large numbers of eggs which the female had previously laid on the 
seeds.
Initial observations (Wri#it, pers. comm.) suggest that this 
suppression may operate at the level of oviposition, with less effect 
on oogenesis. The nature of the suppressive agent is not elucidated
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by these experiments, however. It may be that a chemical factor 
associated with the eggs already laid is important. The existence 
of such an oviposition marker has been reported in _C, maculatus 
(Wasseiman, I9 81), C, chinensis (Oshima et 1975 ,* Honda et ad , 
1976), and in several phytophagous species of Diptera and Lepidoptera 
(reviewed by Hrokopy et alj 1984).
The existence of a chemical factor produced by adult beetles 
but not necessarily in direct association with the eggs, has been 
reported in Acanthoscelides obtectus (Szentesi, I98I) and Zabrotes 
subfasciatus (Uraeya, I9 66) and this could similarly inhibit ovi­
position. Certainly, C_. maculatus females lay fewer eggs when 
large numbers of adults are confined on small numbers of host seeds 
(utida, 1941 ; Bellows, I982 ; and Giga, I9 82). Utida postulated that 
this reduction was largely a result of interference between beetles 
causing disruption to the normal patterns of oviposition behaviour.
This is unlikely to have affected females in the present experiment 
however, as each tube contained only a single pair of adults.
Some authors have also recorded a decrease in fertility in 
response to adult crowding in £. maculatus (Utida, 1941 ; Bellows,
1982 j Giga, 1982). In each case, mechanical damage to the eggs as 
a result of the movement of a large number of beetles over the seeds 
is cited as the likely cause of this decrease in fertility. These 
authors, however, all used a range of adult densities per seed which 
exceeded one pair of adults on each cowpea (the greatest degree of 
adult crowding in the current experiments). In the results described 
here, there was no increase in the proportion of eggs which failed to 
hatch as the number of eggs on each seed increased (Pig. 5*i)«
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Post-embryonic mortality of insects within the seeds did 
increase, however, as the density of hatched eggs increased (Fig.5.5). 
The most likely cause of this increased mortality is greater 
competition among larvae. Bellows (1982) reported that competition 
between C_. maculatus larvae within legume seeds is of the "contest" 
type, whereby the number of survivors reaches a plateau as the 
number of larval recruits increases, thus preventing over-exploitation 
of the food source. This type of competition has been reported 
among the larvae of C_. chinensis (Utida, 19^2) and other insect 
species attacking stored products (Crombie, 1944).
However, other authors (Utida, I967 ; Pujii, I968) have reported 
over-exploitation of limited food resources by _C. maculatus, causing 
a decrease in larval survival at h i ^  hatched egg densities. These 
results suggest that competition in this species is of the "scramble" 
type more common in laboratory insect populations (Bellows, I982).
Fig. 5*4 provides little evidence for a marked decline in percentage 
survival when larval crowding reaches a certain level. It may be 
that this only occurs at extremely high hatched egg densities.
Some mortality of individuals during development occurs within 
the seed, even at very low hatched egg densities (Fig. 5.3)•
Credland (unpublished data) found that the number of adults produced 
by individual females was higher when one hundred cowpeas rather than 
forty cowpeas were available, although similar numbers of eggs were 
laid. This suggests that even at mean densities of two to three 
hatched eggs per seed, some mortality is caused by competition.
The use of a range of cowpeas from one to forty illustrates the 
relationships both between availability of oviposition sites and 
realised fecundity, and between initial larval density and adult
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production. Although it does not allow the maximum potential 
fecundity or adult productivity of £. maculatus females to be 
determined, it provides a suitable basis for the comparison of 
these parameters among different strains.
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GHA.PTER 4
COMPARATIVE STUDY OF FECUNDITY AND DEVELOPMENT 
AMONG THREE STRAINS OF C. MACULATUS
Introduction
In the previous chapter, the density of larval populations 
in successive sub-cultures of the same strain was measured. The 
larval density was found to fluctuate and the likely effect of this 
variation on the mean egg production of each strain was then estimated, 
The effect on egg production was not considered great enough to 
invalidate inter-strain comparisons. Experiments were therefore 
carried out to compare fecundity and adult productivity of females 
from the Yemen, IITA and Campinas strains.
In addition, an experiment was performed to measure the 
development period of individuals of the three strains. It is 
impractical to measure the development period of Callosobruchus 
maculatus from oviposition to adult eclosion with complete accuracy 
as an adult beetle may remain in its larval chamber for several days 
after emerging from the pupa (Osuji, I982). Consequently, the 
duration of development of an individual was determined as the 
number of whole days from oviposition to adult emergence from the 
cowpea.
The duration of the development period in C, maculatus is 
affected by the temperature of the immediate environment (El-Sawaf,
1956 j Howe and Currie, 1964). The temperature within a sample of 
infested beans is in turn affected by the density at which the larval 
population are developing. Sano (1967) measured the increase in
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temperature within two samples of adzuki beans (Vigna angularis 
(Willd.) Ohusi and Ohashi) infested at densities of six larvae per 
bean and one larvae per bean. At both densities the temperature 
began to rise from approximately ten days after oviposition. The 
peak temperature, which occurred on the fifteenth day of infestation, 
was 4°C higher in the sample of beans with the greater larval density.
Such a temperature difference would have a significant effect on 
the development period of £, maculatus individuals. The level of 
infestation in the experimental cowpeas had to be standardised, there­
fore, before the average duration of development for each strain was 
determined for comparative purposes.
Methods
Total Egg Production in Relation to Cowpea Number
Total egg production in the three strains was measured 
following the procedure described in the previous chapter for the 
comparable experiment in which only the Campinas strain was used. 
Additionally,on cessation of adult emergence the cowpeas in each 
tube were split open with a scalpel blade and the numbers of 
individuals which had undergone adult eclosion but subsequently 
failed to emerge from the seed were recorded.
Daily Egg Production on Fresh Cowpeas
The number of eggs laid daily on fresh cowpeas by females of 
the three strains was measured following a similar procedure to that 
described in the previous chapter for the comparable experiment 
using only the Campinas strain. In the present experiment, however, 
twenty four replicates of tubes containing two and five cowpeas, 
only, were used.
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Additionally, the nutnber of males and females alive on each 
day was recorded and the mean adult longevity calculated for each 
strain.
Development Period and Sex Ratio
Approximately one hundred cowpeas were placed in a glass 
crystallising dish 7«5 cm in diameter by 4 cm high, the inside rim 
of which was coated with "Fluon" (an aqueous dispersion of polytetra- 
fluoroethylene supplied by Plastic Coating Limited, Guildford). The 
dish was then placed in a culture jar in which adult emergence had 
just begun. The dish was pushed into the mass of cowpeas so that 
its rim was approximately 2 cm above the surface layer of the seeds 
in the .jar. Beetles emerging in the culture jar were able to climb 
into the dish, but were prevented from climbing out by the fluon 
coating. The glass dish was left in the culture jar overnight, 
during which time, trapped females laid eggs on the cowpeas in the 
dish.
This procedure was followed simultaneously for each strain and 
was repeated on three successive nights using the same culture jar 
and a fresh sample of one hundred cowpeas on each occasion. Two 
days after each sample had been removed from the culture jar the 
number of eggs on each seed was altered by scraping off excess eggs 
with a scalpel blade, to give samples of seeds with mean densities of 
approximately 5 , 15 and 25 eggs per cowpea for each strain.
Fifty seeds from each sample (60 for the Yemen strain) were then 
placed in 150 ml glass beakers coated on the inside rim with fluon. 
One hundred freshly conditioned cowpeas were placed on top of the 
infested seeds in an attempt to reduce the dissipation of any heat 
produced by the developing larvae. The beakers were then covered
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with pieces of muslin secured with an elastic band and placed in 
the CTH room until adults began to emerge. These animals were 
counted and sexed at 24-hour intervals until no new individuals had 
emerged for 72 hours.
Results
Total Egg Production in Relation to Cowpea Number
As a few of the experimental individuals had been sexed wrongly 
no eggs were found on the seeds in some tubes. An additional 
number of tubes, chosen at random, were therefore discounted in the 
analysis of these results in order to standardise the number of 
replicates for each strain.
Analysis of variance revealed that in all three strains mean 
total egg production differed significantly (p< O.O5 ) with the 
number of cowpeas in each tube. (Table 4.1) The relationship 
between the number of cowpeas available and the number of eggs laid, 
previously established for the Campinas strain, was not identical 
for all three strains. IITA females laid many more eggs on small 
numbers of cowpeas than did comparable females of the Yemen and 
Campinas strains (Fig. 4.1) and only a small increase in egg 
production accompanied an increase in the number of cowpeas available 
to IITA females.
The difference in this relationship between the strains is 
shown clearly by plotting a linear regression line through the data 
points for total egg production per female on one, three,five and 
ten cowpeas (Fig. 4.2). There is no significant difference between 
the regression coefficients for the Yemen and Campinas strains, but 
significant differences exist (p< 0 .0 5 ) between the values for these 
two strains and that for IITA (given in Table 4.2). There is no
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Fig. 4.1 Mean number of eggs laid by females of Yemen
(diagonal hatching), IITA (cross-hatching) and 
Campinas (horizontal hatching) strains, placed in 
tubes containing different numbers of cowpeas. 
Open areas of columns denote unhatched eggs.
Error bars represent 95^ Confidence Intervals. 
(Means derived from data in Appendix 5)•
Table 4.1
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Analysis of variance and Newman-Keuls Multiple 
Range Test on number of eggs laid by females of 
(a) Yemen, (b) IITA and (c) Campinas strains, on 
different numbers of cowpeas. (Each mean calculated 
from 19 observations)
(a) Analysis of Variance
Source Df SS MS Variance 
Ratio
Cowpeas
/female
Error
Total
4 21957.4 5489.4
90 18546.5 206.1
94 40504.0
26.6 p< 0.001
Newman-Keuls Multiple Range Test
Cowpeas Mean Egg
/female Production/female Separation
40 8 5 .2 a
10 7 5 .4 b
5 6 6 .0 be
3 6 1 .4 c
1 39.2 d
Table 4.1 (b)
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Source
Analysis of Variance 
Df SS MS Variance
Ratio
Cowpeas
/female
Error
Total
4 2644.1 661 .0
90 19517.4 216.9
94 22161.4
3.0 p< 0.05
Newman Keuls Multiple Range Test
No. of 
Cowpeas Mean Egg
/female Production/female Separation
UfO 88 .5 a
10 89 .9 a
5 • 80 .7 ab
3 84.3 ab
1 7 3 .4 b
(c)
Source
Analysis of Variance 
Df SS MS Variance
Ratio
Cowpeas 
/female
Error
Total
4 16513.0 4128.2
90 18198.3 202 .2
94 3.4711.3
20.4 p< 0 .001
Newman-Keuls Multiple Range Test
No. of 
Cowpeas Mean Egg
/female Production/female
40 81.5
10 7 4 .9
5 6 0 .6
3 3 8 .2
1 44.0
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Fig 4.2 Linear regression of egg production by individual 
females of the three strains on different numbers 
of cowpeas.
Table 4.2 Statistics from the linear regression analysis of
egg production by (a) Yemen, (b) IITA and (c) Campinas 
females on different numbers of cowpeas.
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(a) Slope = 3-29 Intercept = 44.36
Source
Analysis of Variance 
Df SS MS
Regression 1 
Error 74
Total 73
9206.0
18967.0
28173.0
9206 .0
236 .3
Variance
Ratio
3 3 .9 p< 0 .001
(b) Slope = 1 .3 8 Intercept = 76.03
Analysis of Variance
(c)
Source Df SS MS Variance
Ratio
Regression 1 1618.3 1618.3 7 .3 P< 0.0.01
Error 74 16498.3 2 23 .0
Total 73 18116.3
Slope = 3 .'16 Intercept = 44.43
Analysis of Variance
Source Df SS MS Variance
Ratio
Regression 1 8486.8 8486.8 4 3 .7 p< 0.001
Error 74 14373.8 194 .2
Total 73 22860.7
71
significant difference between the regression coefficients for the 
Campinas strain in this experiment and the comparable statistic for 
the Campinas strain in the preliminary experiment described in the 
previous chapter.
In recording the total egg production of individual females, 
the number of eggs laid on each cowpea was also noted. This enabled 
the pattern of egg distribution over the available seeds, by females 
of the different strains, to be examined (Fig. 4.3). For each 
strain, the mean number of eggs laid on each cowpea and the variance 
round the mean were calculated separately for females supplied with 
five, ten and forty cowpeas (Credland’s data for egg production by 
females on one hundred cowpeas was also used). In each case except 
one, the variation in the number of eggs deposited on individual seeds, 
expressed as the coefficient of variation, was lowest for the Yemen 
strain (Table 4.3). This suggests that Yemen females generally 
spread their eggs more evenly over the cowpeas available, than 
females of the other two strains.
The number of eggs which failed to hatch increased with the 
total number of eggs laid and therefore the proportion of the egg 
production which failed to hatch remained relatively constant within 
each strain (Table 4.4). A two-way analysis of variance on the 
number of eggs which failed to hatch (Table 4.5) revealed that the 
overall mean value (combining the results from females with access 
to different numbers of cowpeas) for the Campinas strain was 
significantly lower than that of the other two strains ( p < 0 .0 5 ).
In all three strains the number of F% adult progeny produced by 
each female increased with the number of cowpeas available to indivi­
dual females (Fig. 4.4). However, as the density of eggs on the
Fig. 4 .3  Distribution of eggs by females of the Yemen
(diagonal hatching), IITA (cross hatching) and 
Campinas (horizontal hatching) strains, given 
access to (a) 3, (b) 10, (c) 40 and (d) 100 
cowpe&s.
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Table 4.4. Mean percentage of total number of eggs laid 
which failed to hatch in the Yemen, IITA and 
Campinas strains.*
No. of Cowpeas/ Yemen IITA Campinas
Female
1 11.00 6 .9 1 4.66
3 1 0 .8 1 8.86 5.33
5 10.05 9.78 3.04
10 13.77 9.19 3.87
40 1 0 .26 11.72 4.94
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Table 4.3 Two-way analysis of variance and Newman-Keuls
Multiple Range Test on number of unhatched eggs per 
female, for the three strains.
(Each mean calculated from 19 observations, listed 
in Appendix 3.)
Analysis of Variance
Source Df SS MS
Strain 2 1117.1 358.6
Cowpeas/
female 4 633.0 158.3
Cells 14 2263 .5
Interactions 8 513.3 64.2
Error 2?0 5238.7 19.4
Total 284 7502 .2
Variance
Ratio
28.8 p< 0.001
8.2 p< 0.001
3 .3  P < 0 . 0 1
Newman-Keuls Multiple Range Test
Strain
IITA
Yemen
Campinas
Mean
7 .7
6.4
5 .0
Separation
a
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Fig. 4.4 Mean number of adult progeny of females of
Yemen (diagonal hatching), IITA (cross-hatching) 
and Campinas (horizontal hatching) strains, placed 
in tubes containing different numbers of cowpeas. 
Error bars represent 95^ Confidence Intervals. 
(Means derived from data-in Appendix 6).
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Fig. 4.5 Relationship between number of eggs laid on each 
cowpea and number of adults emerging from each 
cowpea,for the three strains.
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Fig. 4.6 Mean percentage post-embryonic mortality within 
the cowpea among the progeny of Yemen (diagonal 
hatching), IITA (cross-hatching) and Campinas 
(horizontal hatching) strain females, placed in 
tubes containing different numbers of cowpeas.
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Fig. 4.7 Mean adult mortality before emergence from
the cowpea among offspring of Yemen (diagonal 
hatching) , IITA (.Cross-hatching) and Campinas 
(horizontal hatching) strain females. Error 
bars represent 95^ Confidence Intervals.
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seeds increased, the number of adults which emerged from each 
cowpea varied considerably among the strains (Pig. 4,5). In the 
IITA. and Campinas strains, the number of adults which emerged from 
a single seed increased with the number of eggs laid on its surface 
until it reached a maximum of approximately ten adults at a density 
of around twenty eggs per cowpea. As IITA females laid more eggs 
on a limited number of seeds than did Campinas females, post- 
embryonic mortality within the cowpea is higher in the IITA strain 
(Fig. 4.6).
In marked contrast to the other two strains, the mean number of 
Yemen adults which emerged from a single cowpea never exceeded two, 
despite the initial presence of numerous hatched eggs (Pig, 4.5). 
Thus, however many cowpeas were available to each female, mortality 
during post-embryonic development was much greater in the Yemen 
strain than in the other two strains (Fig. 4.6).
The number of individuals which completed development within 
the cowpea but failed to emerge as adults increased in both the IITA 
and Campinas strains as the density of eggs on each seed increased 
(Pig. 4.7). In all three strains, however, the mean numbers of such 
individuals were small, the maximum values being 0.21, 1,11, and 0.89 
per cowpea for the Yemen, IITA and Campinas strains respectively.
This represents a maximum of four to five progeny lost to individual 
females of any strain through mortality at this stage of development.
Daily Egg Production on Presh Cowpeas
Comparison of the three strains revealed only minor differences 
among them in their temporal pattern of oviposition (Pig 4.8).
Pemales of each strain reached peak daily egg production on the first 
day after emergence, if allowed to mate. The oviposition periods.
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with (a) 2 and (b) 5 fresh cowpeas daily.
(Means derived from data in Appendix 7).
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mean egg production per day and mean total number of eggs laid 
under comparable conditions were similar in each strain.
The mean life spans of females and males of each strain (from 
day of emergence from the seed^to mortality) were 5.6 and 7.1 days, 
6.7 and 6.5 days and 6.9 and 8.6 days, for the Yemen, IITA. and 
Campinas strains, respectively.
Development Period and Sex Ratio
Daily emergence curves (Fig. 4.9) were produced from the data 
(listed in Appendix 8). A Kruskal-Wallis single-factor, non­
par ametric analysis of variance performed on the actual numbers of 
hatched eggs on the cowpeas within each egg density category 
(Table 4.6) revealed significant differences among strains in the 
size of the initial larval populations. For this reason, comparison 
of development periods among the strains is not strictly valid. 
Comparing the emergence curves within each strain at the three levels 
of infestation, however, revealed differences among strains in the 
effect of larval density on the development period of individual 
beetles.
The range of individual development periods within the sample 
populations of the IITA and Campinas strains remained relatively 
constant in all three egg density categories. Variation in the 
development period of Yemen individuals increased, however, as larval 
crowding increased.
Although the range of development periods increased, the length 
of the median development period for the Yemen populations remained 
constant at 30 days, at each level of larval density. The median 
development periods of the IITA and Campinas strains decreased from
Fig. 4,9 Daily emergence curves for populations of the three
strains with initial larval densities of approximately 
5 (a), 15 (b) and 25 (c) individuals per cowpea.
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Table 4.6 Kruskal-Wallis analysis of variance of numbers
of hatched eggs on each cowpea in three categories 
of egg density, for the three strains of C_. maculatus, 
(n = $0, for IITA and Campinas; n = 60 for Yemen 
strain, in each category.)
Notional 
Egg Density 
Category
Strain
Mean No. of 
Hatched Eggs 
/Cowpea jb S.E.
Chi Square 
Value
15
25
Yemen
IITA
Campinas
Yemen
IITA
Campinas
Yemen
IITA
Campinas
4 .30 + 0.16
4 .9 6 + 0.12 
5 .14 + 0.17
11.78 + 0.32
12.90 + 0.34
12.48 + 0.49
29.57 + 0.67
22.95 0.74
32.40 + 0.87
9.79 p<0.01
478.99 p< 0.001
28.14 p< 0.001
88,
twenty nine to 28 days and from 29 to 27 days respectively, as the 
density of infestation increased. The greater decrease in the 
Campinas strain may reflect the greater mean density of first instar 
larvae of this strain in the highest egg density category.
The ratio of males to females at the end of the emergence 
periods differed significantly from 1 : 1 in only one of the nine 
groups of seeds. This was in the Campinas strain at the highest 
larval density, when significantly more males than females emerged 
(Chi. square = 3«866, p< 0,05). For each strain and at all three 
levels of larval crowding, the number of males recorded in the first 
48 hours of adult emergence was greater than the number of females 
(see data in Appendix 8 ),
DISCUSSION
When females had access to less than forty cowpeas, the 
relationship between the number of seeds available and the number of 
eggs laid differed among the three strains of C. maculatus under 
investigation. The egg production of Yemen and Campinas females 
was markedly suppressed when very few cowpeas were available to each 
female (Fig. 4.1), Females of the IITA strain, however, did not 
exhibit such marked suppression. This difference among the strains 
is confirmed by Credland (unpublished data), who also obtained higher 
levels of egg production by IITA strain females, in comparison with 
Yemen and Campinas females given five or ten cowpeas.
If, as previously discussed, a chemical marker is the suppressive 
agent in the other two strains, then a failure to produce or to detect 
the presence of the pheromone involved could explain the behaviour of 
IIIA females. High levels of egg production on small numbers of 
seeds may represent an adaptation by ^TA females to adult crowding.
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acquired through laboratory rearing in dense cultures. If larval 
populations are very dense, then the probability of mortality is 
high for any additional larval recruit wherever a female chooses 
to lay her eggs. Assuming that each adult female disperses her 
eggs evenly over the seeds available, then, females who lay as many 
eggs as possible may achieve a higher productivity than females who 
restrict their egg production under such conditions.
When provided with forty cowpeas females of the Yemen, IITA and 
Campinas strains laid similar numbers of eggs. Again this result 
was confirmed by Credland (unpublished data), who reported that 
females of all three strains laid similar numbers of eggs on forty 
cowpeas and that providing females with a number of cowpeas greater 
than forty produced no significant increase in their fecundity.
Despite laying fewer eggs on small numbers of seeds than IITA 
females, Campinas females produced as many adults from each seed 
(Pig. 4.5). The Yemen strain, however, was inferior to both the 
other strains in terms of adult production. Credland (unpublished 
data) noted that even when females were provided with 100 or l40 
cowpeas on which to lay, Yemen females had a lower productivity 
in terms of adults than IITA or Campinas females. The results of 
the present experiment indicate that the percentage of eggs which 
failed to hatch (Pig. 4.1) or the levels of mortality among pre- 
emergent adults (Pig. 4.7), did not differ greatly among the strains. 
The Yemen strain does, however, suffer from much higher levels of 
mortality during larval development than the IITA or Campinas strains, 
particularly in crowded populations.
As discussed in the previous chapter, the major cause of 
mortality among larvae developing within a suitable host seed iIS
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competition. Adult Yemen beetles typically appear larger than 
Campinas or IITA individuals. If this difference is reflected in 
a greater consumption of cowpea by Yemen larvae, then this may result 
in greater competition within each seed, in turn causing higher 
mortality.
The behavioural strategies of the larval insects may also be 
important. Umeya et aT (1975) reported that only a single adult of 
Callosobruchus analis will emerge from an adzuki bean initially 
infested by a large number of larvae. This apparently results from 
intense competition at the centre of the bean where all the larval 
tunnels converge. When £. analis females oviposited on a sample of 
cowpeas similar to those used in these experiments (and considerably 
larger than a typical adzuki bean) an average of 1 ,2 2 adults emerged 
from seeds on which numerous eggs had been laid (Dick, unpublished 
data). It is possible that, the larvae of the Yemen strain of 
£. maculatus behave in a similar manner to C. analis larvae and that 
this behaviour contributes to higher levels of larval mortality.
Competition among larvae is an important density-dependent 
process regulating growth in C. maculatus populations (Bellows, I982),
To minimise this competition and thus maximise the probability of 
survival for their larval progeny, females of Callosobruchus species 
and those of other bruchid genera distribute their eggs uniformly 
over the available host seeds (Utida, 1943 J Umeya, I966 ; Mitchell,
1975 ; Wri^t, 1983). Mitchell’s results suggest that £. maculatus 
females are very sensitive to "clumping" of eggs. He reported that 
females of this species placed on samples of green gram will 
oviposit on the largest seeds first and will avoid laying two eggs 
on any seed until there are none left without an egg.
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It seems probable that the smaller the number of individuals 
which can emerge from a single seed, the greater the selection 
pressure acting on females to disperse their eggs uniformly among 
the available host seeds. This selection pressure may cause females 
of C. maculatus populations, which have developed for many generations 
on small-seeded legume species such as green gram, to distribute 
their eggs more evenly than £. maculatus females which have evolved 
on cowpeas. Similarly, it may cause females of the Yemen strain 
(which achieved lower adult productivity on cowpeas) to distribute 
their eggs more uniformly than females of the IITA and Campinas 
strains (Table 4.3 and Pig 4.3).
As discussed in the previous chapter, the mechanism for the 
uniform spacing of eggs exhibited by some bruchid species may be 
mediated by a chemical marker (OshLma et ad 1975 ; Wasserman, I98I ; 
Szentesi, I9 8 1). When the concentration of this marker on a sample 
of seeds becomes too high, or the density of eggs becomes too great 
to allow females to disperse their eggs sufficiently far apart, 
fecundity may be suppressed. In at least one species, Zabrotes 
subfasciatus, high adult density also causes the break down of the 
mechanism for egg spacing and eggs become distributed at random 
(Umeya, I966).
It could be postulated that the greater larval mortality 
suffered by the Yemen strain in these experiments, indicates the 
unsuitability of cowpeas as a host for this strain of £. maculatus. 
(The Yemen strain was the only one of the three strains under invest­
igation not collected from cowpeas). Howe and Currie (1964) 
calculated that for £. maculatus individuals developing on commercial 
black-eyed cowpeas, under a range of environmental conditions, the 
ratio of the longest to shortest development period lay between 1.35
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and 1 ,7 0. When the equivalent ratio is calculated from the data 
on development periods obtained here, the values for the Yemen strain 
range from 1,52 to 1.68, As these values are within the range 
calculated by Howe and Currie there seems little justification in 
describing the cowpeas as an unsuitable host for the Yemen strain.
The length and variability of development periods in the Yemen 
strain differed from those of IITA and Campinas individuals (Fig. 4.9). 
At all three egg densities at which duration of development was 
measured, the median development period for the Yemen strain was 
longer than that of the IITA and Campinas strains. It could be 
that development period is related to size in £, maculatus. Females 
of Callosobruchus species are, on average, heavier than males (Howe 
and"Currie, 1964 ; Vir, 1982) and females of some Callo sobruchus 
species emerge on average slightly later than males developing from 
eggs laid simultaneously (Howe and Currie, 1964 ; Giga, I982 ; El- 
Sawaf, 1956). Such a relationship would explain the longer develop­
ment period of the Yemen strain, which appears to be larger than the 
other two strains.
Several authors have examined the effect of larval density on 
the duration of development in Callosobruchus species. Utida (I9 6 7) 
Pajii (1965j 1967) and Giga (I9 82) failed to find any relationship 
between these two variables. Bellows (1982) however, reported that 
in £. chinensis the greater the larval density, the shorter the 
period to the first day of adult emergence. For C. maculatus he 
obtained a quadratic relationship in which development period 
decreased as larval density increased from approximately 1-10 eggs 
per seed,but increased again at higher densities. It may be that 
as density increases initially, the greater metabolic heat causes the 
temperature to rise and speeds up development. However, at higher
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densities the availability of food is restricted and this may result 
in prolongation of development periods.
Although the median development periods of the IITA and 
Campinas strains decreased with increasing larval density, that of 
the Yemen strain remained constant. It may be that in the Yemen 
strain heavy larval mortality occurs earlier than in the other two 
strains and as a result metabolic heat does not increase sufficiently 
to speed up the rate of development in the surviving larvae.
Although the median development period of the Yemen strain did 
not increase with increasing larval density, the variability in 
duration of development among Yemen individuals did increase markedly 
(Fig. 4.9)• This was not simply a result of the increase in the 
numbers of adults which emerged as ihe mean number of eggs on each 
cowpea increased. The range of development periods did not increase 
in a comparable manner in the IITA or Campinas strains despite the 
much greater increase in total numbers of emerged adults which 
occurred in these two strains. There is no obvious reason for this 
difference among the strains.
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CHAPTER 5 
CONSTRAINTS ON ADULT PRODUCTION
Introduction
The experiments described in Chapter 3 and 4 demonstrated that 
during the development of Callosobruchus maculatus the major density- 
dependent source of mortality is competition among larvae infesting 
the same seed. The exact cause of this mortality, however, is 
unknown. Umeya ejb al. (1975) reported that dead larvae of 
Callosobruchus analis found in azuki beans bear injuries apparently 
inflicted by mandibles, suggesting that the larvae of this species 
will attack each other. Evidence for cannabalism among larvae exists 
for other species of beetle which infest whole grains, e.g. Rhizopertha 
dominica (Fab.) (Crombie, 1944) and Sitophilus species (Longstaff, I981).
It may be that in £. maculatus, larvae within a crowded seed will 
attack each other when their tunnels converge, resulting in the death 
of the weaker individual.
Alternatively, larvae may simply die from starvation when the 
food resources available to them within a single seed are over- 
exploited. As Yemen adults appear larger than those of the Campinas 
or IITA strain it is possible that Yemen larvae require more food 
during development and, consequently, there is greater competition 
for this resource. This would explain the higher levels of mortality 
which occur during development in the Yemen strain.
Space within individual seeds may also be an important resource 
for which larvae compete, either directly, or as a result of the 
relationship between the volume of a seed and its total food content.
Again, the apparent greater size of Yemen individuals could increase
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the demand for space within seeds infested hy several larvae. A 
difference in the behavioural strategy of Yemen larvae (as discussed 
in the previous chapter) could also cause a greater number of interac­
tions between larvae, resulting in a higher level of mortality.
The experiments described in this chapter were carried out to 
investigate the requirements of the larvae of each strain for food 
and space. Firstly, the relationship between the weight of adults 
of each strain and the amount of food consumed by individual larvae 
was examined. As adult size is known to vary with larval density 
in many stored product insects (Bellows, I982), the weights of adults 
reared at a range of larval densities were measured. Radiographic 
studies were then carried out to examine the way in which the larvae 
of the different strains utilise the space available within individual 
seeds. The results of these experiments suggested that the strains 
may differ in the total amount of each cowpea which can be utilised 
at high levels of infestation. This possibility was subsequently 
investigated.
5 .1
Dry Weight of Adults 
Method
To obtain adults which had developed at a range of larval 
densities, tubes containing 1 , 3 , 6 , 8 , 1 0, 15 and 30 cowpeas were 
set up for the IITA and Campinas strains. For the Yemen strain, three 
replicates of each tube were used to compensate for the lower number of 
adults which emerge from a single seed. Each cowpea had previously 
been marked with a number drawn in ink on the seed coat and then 
weighed.
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Four females of unknown age were taken from stock cultures and 
placed in each tube. After 48 hours the females were removed and 
after a further l4 days the number of hatched eggs on each seed was 
recorded. Once adult emergence began, the dry weight of individuals 
taken at emergence was determined by following the procedure described 
in Chapter 2 . The dry weight of each cowpea before infestation was 
calculated using the moisture content of a sample of seeds conditioned 
simultaneously with those used in the experimental tubes.
Results
For each strain, the weights of individual beetles killed on 
emergence were plotted against the number of hatched eggs on the 
cowpeas from which those beetles had emerged. (Fig 5.1(a), 5.2(a) and 
5 .3  (a)) Linear regression analysis was then performed on these data. 
For all three strains a significant correlation (p <0.001) exists 
between the two variables (Table 5 .I). The regression coefficients 
are all significantly different from zero (p<0.00l) and do not differ 
significantly among the three strains. This indicates that the 
relationship between weight of individual beetles at emergence and the 
initial larval density at which they developed is consistent for all 
three strains.
The elevation of the regression lines as shown by the intercept 
differs among strains, however, indicating that the weight of emerging 
adults which developed at comparable densities is not constant through­
out the species. Yemen adults were significantly heavier than those 
of the other two strains (p<0.00l) and individuals of the Campinas 
strain were heavier than those of the IITA strain (p<0.05).
Fig. 5.1 Relationship between the dry weight of emerged adults 
and (a) the number of hatched eggs per cowpea, and (b) 
the number of emerged adults per cowpea, for the Yemen 
strain. (The regression line was drawn through 608 
data points. Only 200 points, chosen at random, are 
displayed on the graph.)
Fig. 5.2 Repeat of Fig. 5.1 for the IITA strain (n = 284)
Fig. 5.3 Repeat of Fig. 5.1 for the Campinas strain (n = 252)
(Data used in all three Figs. listed in Appendix
9 (a), (b) and (c))
Fig. 5.1 (a)
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Table 5-1 Statistics from linear regression analysis of 
adult dry weight on initial larval density in 
each cowpea, for (a) Yemen, (b) IITA, and (c) 
Campinas strains.
(a) Slope = -0.02 Intercept = 2.4l9 Correlation 
Coefficient = 0.436
Analysis of Variance
(b)
Source Df SS MS Variance
Ratio
Regression 1 48.73 48.73 142.11 p < 0.001
Error 606 207 .79 0 .3 4
Total 607 256 .52
Dpe = -0 .021 Intercept = 
Analysis of
= 1 .853
Variance
Correlation
Coefficient = 0 .613
Source Df SS MS Variance
Ratio
Regression 1 22 .8 7 22 .87 169 .70 p< OjOOl
Error 282 3 8 .0 0 0.14
Total 283 60 .87
(c) Slope = -0.023 Intercept = 1.99
Source
Analysis of Variance 
Df SS MS
Regression 1 
Error 250
Total 251
34.12 34.12
55.41 0 .2 2
89 .54
Correlation 
Coefficient = O .617
Variance
Ratio
153 .95 p< 0 .001
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For all three strains, the weight of individual beetles at 
emergence was also plotted against the number of adults emerging 
from each seed (Fig. 5 .1 (b), 5.2 (b) and 5-3 (b). Again, for each 
strain a significant correlation (p< O.OOl) exists between these two 
variables (Table 5.2), and the slopes of linear regression lines do 
not differ significantly among the three strains. The correlation 
between these two variables is, however, stronger in the IITA strain 
than in the other two strains.
The maximum number of Yemen adults which emerged from a single 
seed was much higher in this experiment (some cowpeas yielded seven 
adults) than in the experiments described in the previous chapter.
This increase was attributed, at least partially, to an increase in 
the average size of the cowpeas available. It is also possible that 
more larvae can survive within an individual seed when they are 
developing from eggs laid over a 24-hour period (the larvae are there­
fore of similar age) than when developing from eggs laid over a period 
of 7 -8 days.
The mean dry weight of food initially ’’available” to each first 
instar larvae was calculated by dividing the weight of each cowpea by 
the number of hatched eggs on its surface. These values were then 
plotted against the mean dry weight of the adults emerging from that 
seed (Fig. 5.4). From Fig. 5.4 it is apparent that for each strain, 
the mean adult weight is only reduced markedly when the amount of 
cowpea available to each larva entering the seed is less than 
approximately 20 mg, or around 10^ of the dry weight of a single seed.
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Table 5-2 Statistics for linear regression analysis of 
adult dry weight on number of emerged adults per 
cowpea, for (a) Yemen, (b) IITA and (c) Campinas 
strains.
(a) Slope= -0.095 Intercept = 2.57 Correlation = 0.24
Coefficient
Analysis of Variance
Source Df SS MS Variance
Ratio
Regression 1 14.59 14.59 36.55 p< 0 .0 0 1
Error 606 241.93 0.40
Total 607 256 .52
(b) Slope= -0.059 Intercept = 1.98 Correlation = 0.62
Coefficient
Analysis of Variance 
Source Df SS MS
Regression 1 23-65 23.65
Error 282 37.22 0.132
Total 283 60 .87
Variance
Ratio
179.15 p< 0.0001
(c) Slope= -O.O6I Intercept = 2.02 Correlation = 0.43
Coefficient
Source
Regression
Error
Total
Analysis of Variance 
Df SS MS
1 16.23 16.23
250 73 .3 0 0.29
251 89 .54
Variance
Ratio
55.36 p< 0.001
Fig. 5-4 Relationship between mean dry weight of adults 
emerging from each cowpea and the dry weight of 
cowpea "available” to each first instar larvae, 
for (a) Yemen, (b) IITA and (c) Campinas strains.
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5.2
Weight Loss Caused by Development of Individual Beetles 
Method
For each strain, fifteen tubes were set up containing twenty 
cowpeas each of which had been previously marked and weighed. One 
female of unknown age was taken from stock cultures and placed in each 
tube. After 24 hours, those seeds bearing a single egg were removed 
and placed individually in separate tubes, the remaining cowpeas being 
discarded. On emergence, the sex of each adult and the weight of 
the cowpea from which it emerged were recorded.
The moisture content of cowpeas conditioned simultaneously with 
those used in the experiment was determined, to enable the dry weight 
of each seed before infestation to be calculated. On cessation of 
adult emergence, those cowpeas from which a beetle.had emerged were 
grouped together and their mean moisture content determined. This 
procedure was followed for each strain.
To standardise the number of replicates used in calculating the 
mean weight loss for each strain, twenty cowpeas from which a male 
had emerged and twenty cowpeas from which a female had emerged were 
chosen at random. The weight loss of each of these seeds was used 
to calculate the mean weight loss of cowpea caused by individual 
beetles.
Results
The mean weight loss of cowpea caused by an individual beetle 
differed among the strains. Yemen individuals consumed on average 
1 0.8% of the dry weight of each seed, whereas the two smaller strains 
each consumed approximately 4% (Table 5.3). This difference is 
highly significant (p< O.OOl). Males and females also differed
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Table 5»5 Mean dry weight loss 95^ Confidence Intervals) 
and mean percentage dry weight loss of each cowpea, 
caused by individual males and females of each 
strain developing at a density of 1 insect/cowpea. 
(Each mean calculated from 20 observations, listed 
in Appendix 10).
Strain
Mean 
Dry Weight Loss 
/Insect (mg)
Mean
% Dry Weight Loss 
/Insect.
Female Male Female Male
23.^5 20.05
Yemen 2 +_ 11.55 9 .9 6
1.73 2.08
8.70 5.95
IITA + 4.61 2 .9 4
0.93 0.72
11.15 6.89
Campinas + + 5.51 3 .2 8
1.59 1.11
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Table 5.4 Two-way analysis of variance and Newraan-Keuls
Multiple Range Test performed on data for dry 
weight loss of cowpea caused by development of 
individual males and females of each strain, at 
a density of one insect per cowpea.
Analysis of Variance
Source Df SS MS Variance
Ratio
Strain 2 0.005 0.0025 278 .85 p< 0.001
Sex 1 0.0003 0.0005 58.48 p< 0.001
Cells 5 0.0054
Interaction 2 0.0000 0.0000 0 .2 5
Error 114 0.001 0.0000
Total 119 0.0064
Newman-Keuls Multiple Range Test
Strain Mean Separation
Yemen 2 1 .8 a
IITA 7.4 b
Campinas 8.9 b
(Each mean calculated from 40 observations)
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significantly (p < O.OOl) in the amount of cowpea consumed during 
development, females requiring more food than males (Table 5.4).
5-3
Radiographic Studies of Infested Cowpeas 
Method
Four females of unknown age were taken from stock cultures of 
the Yemen strain and placed in a tube containing twenty cowpeas. This
procedure was repeated for the Campinas strain. After 24 hours the 
beetles were removed and the number of eggs on each cowpea reduced, by 
scraping off excess eggs with a scalpel blade, to leave six eggs per 
seed. It was hoped that leaving six eggs on each cowpea would result 
in different levels of larval mortality occurring in the two strains, 
while still allowing the development of each larva to be distinguished 
easily on the radiographs. To aid the observation of individual larvae 
at an early stage in their development the eggs retained were as widely 
dispersed as possible on the surface of each seed.
Following the procedure described in Chapter 2, the first 
radiographs were taken 10 days after the females were removed from the 
cowpeas. Thereafter, radiographs were taken, on average, at 2-day 
intervals until the emergence of adults from the cowpeas was finished.
Results
Photographs produced from X-rays taken 15, 25 and 53 days after 
oviposition are presented in Plates 5.1 (a), (b) and (c), respectively. 
In all of these photographs the light areas within the dark outline of 
the seeds indicate where each developing larva had consumed part of the 
seed, creating a chamber. In many of the photographs these larval
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cells seem to overlap or converge. Where this has occurred, 
interpretation of the photograph is difficult, as it provides only 
a two dimensional image of events occurring in three dimensions.
Fifteen days after oviposition (Plate 5.1(a)) the developing 
larvae had consumed a considerable proportion of most cowpeas. The 
larvae are clearly visible as darker bodies lying within the lighter 
outline of their cells (e.g seeds 1 and 2 ). Although the eggs were 
all laid within a 24 hour period, there was considerable variation in 
the size of individual larvae and in the size of their cells (e.g. seeds 
3, 4, 12 and 13), particularly in the Yemen strain. It may be, there­
fore, that in some of these cells the larvae had been dead for some 
time.
Twenty-five days after oviposition (Plate 5.1(b)) the proportion 
of each cowpea consumed by the larvae had increased. The darker 
outlines of pupae and pre-emergent adults are clearly visible within 
their cells (e.g. seeds 3,8, 11 and 13). The photographs indicate 
that the size of the chambers created by those Yemen individuals which 
had completed larval development was greater, on average, than that 
of the comparable Campinas individuals. Consequently, the cells 
created by the Campinas larvae were packed more tightly into 
individual seeds than those of Yemen larvae (e.g. compare seeds 3, 6 , 7 
and 8 with 9, 1 0 , l4 and 13).
When the last X-rays were taken 35 days after oviposition 
(Plate 3.1 (c)), almost all the adults had emerged. From the extent 
of the light areas within the outline of each cowpea it is apparent 
that the Campinas strain larvae had consumed a greater proportion of 
the individual seeds, than the Yemen larvae. On average, approximately 
twice as many Campinas adults (4.31) as Yemen adults (2.38) emerged 
from each cowpea.
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Plate 5*1 (Pacing pages)
Black-eyed cowpeas infested By the Yemen (upper plate) and 
Campinas (lower) strains (a) 15, (b) 25 and (c) 35 days 
after oviposition (Scale : x 2).
Numbered seeds referred to in text are shown above.
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5.4
Maximum Weight Loss from Individual Cowpeas 
Method
For each strain, eight tubes containing three cowpeas and eight 
containing five cowpeas were set up, all of the seeds used having 
been individually marked and weighed. Ten females of unknown age 
were removed from stock cultures and placed in each tube. After 
48 hours the females were removed and after a further l4 days the 
number of eggs on each cowpea was recorded. Once adult emergence 
began, adults were removed at regular intervals to minimise the 
number of eggs laid on the seeds by F^ females. When adult emergence 
had ceased, the total number of adults to emerge from each cowpea was 
recorded and the seeds were weighed individually.
The moisture content of a simultaneously conditioned sample of 
cowpeas was determined, to enable the dry weight of each seed before 
infestation to be calculated. Once the seeds had been weighed 
individually at the end of the experiment they were grouped together 
and their mean moisture content determined. This procedure was 
followed for each strain. The dry weight of each seed after infest­
ation and the dry weight loss of cowpea caused by the developing 
beetles were then calculated.
For each strain, the fifty cowpeas on which the largest number 
of eggs had hatched were used to estimate the maximum percentage 
weight loss caused by heavy infestation.
Results
The amount of each cowpea consumed during development by dense 
larval populations differed among the three strains (Fig. 5-5)•
Fig. 5 .5  Relationship between percentage dry weight loss
from individual cowpeas and initial larval 
density, at high levels of infestation of
(a) Yemen, (b) IITA and (c) Campinas strains.
(Data listed in Appendix 11)
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Fig. 5 .6 Relationship between percentage dry weight loss
from individual cowpeas and the number of 
emerged adults per cowpea, at high levels of 
infestation of (a) IITA and (b) Campinas strains.
(Data listed in Appendix 11)
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From this figure it is apparent that the mean percentage weight loss 
caused by the Yemen strain was significantly lower than that of the 
other two strains. At such high levels of infestation the percentage 
weight loss suffered by an individual cowpea was not dependent on the 
number of adults of either the IITA or Campinas strains which emerge 
from that seed (Fig. 5.6). (No graph was drawn for the Yemen strain, 
as only one or two Yemen adults emerged from each cowpea). For the 
IITA and Campinas strains, similar numbers of adults emerging from 
heavily infested seeds caused.a similar amount of weight loss.
The weight of any insect which failed to complete development 
and emerge from the cowpea was ignored in calculating the weight loss 
suffered by each seed. The approximate dry weight of each cowpea 
was 250 mg, and the mean dry weight loss caused by numerous IITA or 
Campinas individuals infesting a single seed was approximately I50 mg.
As the results of a previous experiment indicated that the level of 
pre-emergent adult mortality was unlikely to exceed one or two insects 
in each seed (Fig. A.7), their dry weight (approximately 1 mg each) 
would not have had a significant effect on the calculations. Similarly, 
the inclusion of any dead larvae or pupae in the dry weight of each 
seed after infestation is unlikely to have significantly reduced the 
estimates of mean weight loss.
5 .5
Emergence of Adults from Previously Infested Cowpeas.
Method
For each strain, thirty tubes were set up each containing a 
single cowpea. Four females of unknown age were taken from stock
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cultures and placed in each tube. After 48 hours, the beetles
were removed and after a further l4 days the number of hatched eggs 
on each cowpea was recorded. Five fresh seeds were then added to 
each tube to discourage emerging females from laying on the infested 
cowpeas. For the same reason, emerging adults were removed from 
each tube at frequent intervals.
Once no further emergences had occurred for 72 hours the total 
number of adults to emerge from each seed was recorded. The tubes 
containing the cowpeas were then placed in the freezer for five days 
to kill any eggs or young larvae produced by F^ females. On removal 
from the freezer, five of the thirty tubes were selected at random to 
act as controls for the efficacy of this procedure. The five 
uninfested seeds in each of the other tubes were then discarded and 
the old eggs removed from the surface of the remaining cowpeas using 
a scalpel blade. All ninety tubes were then placed in the CTH room 
for 5 days to allow the seeds to "recondition".
Four females of unknown age were then taken from stock cultures 
and placed in each of the tubes, except those previously chosen to act 
as controls. After 48 hours the females were removed and l4 days 
later the total number of hatched eggs on each cowpea was recorded.
Once no further emergences had occurred for 72 hours the total number 
of adults to emerge from each seed following the second oviposition 
period was recorded.
Results
In all three strains, the mean number of hatched eggs present on 
each cowpea after their first exposure to adult females was sufficient 
to allow the maximum predicted number of adults to emerge from each 
seed (Fig. 5.7 (a)). Although fewer hatched eggs were present on each 
cowpea after their second exposure to females the numbers were again
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Fig. 5.7 (a)
(b)
Number of hatched eggs per cowpea, laid by- 
females of the three strains in the first 
oviposition period (hatching slopes up to 
right) and second oviposition period (hatching 
slopes up to left).
Number of emerged adults per cowpea after 
the first and second oviposition periods.
Error bars on (a) and (b) represent 95% 
Confidence Intervals.
(Means derived from data in Appendix 12).
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sufficient to allow maximum levels of adult emergence. As the number 
of second generation eggs which failed to hatch was less than one on 
each seed (see data in Appendix 12), the reduction in numbers of 
hatched eggs reflects the reduction in the numbers of eggs laid.
No IITA or Campinas strain adults emerged from the cowpeas 
following their second exposure to laying females. In the Yemen 
strain, however, approximately half as many adults (0.68 per seed) 
emerged following the second laying period as had emerged as a result 
of the initial infestation (1.24 per seed). No adults emerged from
any of the cowpeas used as controls.
The mean numbers of Yemen and IITA adults which emerged from 
each seed after the first laying period (1.24 and 8.04 respectively) 
agree in general with values obtained in previous experiments (Fig.4.5). 
However, the corresponding figure for the Campinas strain, 4.92 adults 
per cowpea, is considerably less than the maximum value of approximately 
ten, obtained previously, with fewer hatched eggs on each seed. The 
results of the present experiment suggest that at very high initial 
densities of first instar larvae the number of Campinas individuals 
which survive to emerge as adults decreases.
DISCUSSION
In each of the three strains of C^. maculatus under investigation, 
adult weight decreased as initial larval density increased - the mean 
weight of adults bred at the highest densities being approximately half
the mean weight of those bred at the lowest densities (Fig. 5.1» 5.2 and
5 .3 ). At all larval densities there was considerable variation in adult 
weight and overall the heaviest individuals of each strain weighed 
approximately ten times the weight of the smallest beetles.
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Adults of all three strains were produced weighing less than 
1 .0  mg (dry weight). Such individuals are referred to as "Miniature" 
weevils by Nwanze and Horber (1975) who recorded £. maculatus adults 
of this size emerging from small-seeded cowpea varieties. They 
postulated that such individuals act as an "emergency form" to main­
tain the species on a minimum diet. The results of the present 
experiment demonstrate that beetles of this size can be produced from 
large-seeded varieties simply by creating high initial larval densities. 
At high densities, however, not all the adults produced are of such 
small size.
A number of authors have reported a reduction in adult size as 
larval density increased for a variety of insect species (Park, 1938; 
Utida, 194-1; Snyraan, 1949; Ullyett, 1950). Bellows (1982), however, 
states that such a relationship has only been obtained in species in 
which larval competition is of the "scramble" type. He considers that 
where "contest" competition occurs, as in Callosobruchus species, adult 
weight will be less affected by density than in those cases of scramble 
competition. The results presented here demonstrate that however 
competition among £. maculatus larvae is defined, larval density has a 
considerable effect on adult weight.
Over the range of larval densities examined in these experiments 
Yemen larvae were typically larger than larvae of the IITA or Campinas 
strain (Fig. 5.4). This variation in size among the strains is 
reflected in the amount of cowpea consumed when only a single larvae 
was developing in each seed. At this density, larvae of the IITA and 
Campinas strains consume approximately 5% (dry weight) of an individual 
cowpea. This figure agrees with that obtained by Booker (1967) who 
calculated mean weight loss caused by C_. maculatus individuals (from 
northern Nigeria) as 5.5% of a cowpea's weight. The Yemen strain.
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however, consumes approximately twice this amount.
Although consumption per individual is higher in the Yemen 
strain, at very high levels of infestation the combined weight loss 
caused by Yemen strain larvae was approximately 30% of each seed - 
only half that caused by the other two strains (Fig 3.3)• In 
addition, only the Yemen strain was capable of producing a second 
generation of adults from cowpeas which had previously been very 
heavily infested. These results, suggest that the Yemen strain 
utilises the total food content of each seed less efficiently than 
the two smaller strains. It seems unlikely, therefore that food is 
the sole limiting resource which prevents a higher percentage of Yemen 
larvae from surviving to emergence.
Crombie (1944) stated that competition among larvae of Rhizopertha 
dominica infesting the same wheat grain is wholly a struggle for space, 
the limitations of food or oxygen being unimportant. It may be that 
Yemen larvae cannot utilise the space within each cowpea as fully.as the 
IITA or Campinas strains. Certainly the larger cells created by the 
Yemen larvae (Plate 3.1 (b)) appear to be less tightly packed within each 
cowpea and consequently more of the seed was left undamaged. This may 
in turn explain why a second generation of Yemen individuals can develop 
successfully on cowpeas previously infested by a large number of larvae.
The radiographic studies provide no evidence for any difference in 
larval strategy of the Yemen strain compared to that of the other two 
strains. The cells of Yemen larvae do not appear to converge in the 
centre of the seeds as is reported to occur when Callosobruchus analis 
infests adzuki beans (Umeya ^  , 1975).
The tight packing of larval chambers exhibited by Campinas larvae 
often resulted in two cells being separated by a very thin layer of
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cotyledon (Plate 5-1(c)). This strongly suggests that C_. maculatus 
larvae (of the Campinas strain at least) are able to detect the 
presence of other larvae within the same seed^without physical contact. 
Such a response could involve the detection of metabolic heat, 
mechanical vibration, or of a chemical substance produced by the 
larvae. However, any such communication which enables larvae to 
avoid one another within the seed must breakdown when larval 
populations are very dense. It may be that the greater requirements 
of individual Yemen larvae for food and space cause the breakdown 
of larval avoidance strategies at a lower density resulting in 
increased contact among larvae and a higher mortality rate.
Booker (I967) measured the weight loss of cowpea which occurred 
at various levels of infestation by £. maculatus. He reported that 
the total percentage of cowpea consumed by the larvae in a single seed 
increased with the number of emerged adults reaching a maximum of 
approximately 45% when more than ten adults emerged from each seed.
This figure is lower than the values obtained in the present experiment, 
IITA and Campinas individuals consumed approximately 60% of each seed 
when similar numbers of adults emerged. Booker, however, calculated 
the weight loss by measuring wet weight before and after infestation. 
Consequently, any dead insects within the cowpeas would have caused a 
considerable under-estimate of actual weight loss of seed.
Booker also studied the effect of weight loss caused by bruchid 
infestation on the germination potential of damaged seed. He reported 
that cowpeas which suffered a mean weight loss of 5% (equivalent to 
that caused by a single insect of the IITA or Campinas strain) were as 
likely to germinate as^control"cowpeas with no damage. However, among 
seeds with approximately 12% weight loss (equivalent to that caused by 
a single Yemen individual) the resulting level of germination was lS%
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lower than that which occurred in the control seeds. These results 
suggest that at low population densities, infestation by Yemen 
individuals will cause a greater reduction in germination potential 
of cowpea seed than infestation by one of the other two strains.
The maximum level of damage suffered by cowpeas infested by the 
Yemen strain was approximately 30%. Booker noted that at this level 
of weight loss only 7% of infested seed germinated. Although the 
IITA and Campinas strains caused 60% weight loss, at high levels of 
infestation it is unlikely that there will be any difference in the 
germination potential of cowpeas attacked by the three strains of 
£. maculatus under investigation.
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CHAPTER 6
THE HERITAEILITY OF SOME BIQNQMIC TRAITS
Introduction
Having established a body of data concerning the bionomics 
of the Yemen, IITA and Campinas strains of Callosobruchus maculatus, 
an attempt was made to cross these strains. This was done firstly 
to confirm that all three strains were, in fact,of a single species 
and would cross to produce viable progeny and secondly to examine 
the inheritance of the characteristics of individual strains among 
the hybrids produced from these "inter-strain" crosses. For each 
pairing of beetles, the same measurements were made - number of eggs 
laid, number of eggs which failed to hatch and number of adults 
produced - as were recorded for each strain in previous experiments 
(see Chapters 3 arid 4).
Throughout the experiment, females were provided with five cowpeas 
on which to lay their eggs. As stated previously (Chapter 2 ) there 
were only 7 days in which to count the number of hatched eggs on each 
cowpea before adults began to emerge. With large numbers of tubes to 
be examined, five was considered to be the maximum number of cowpeas 
which could be provided for each female without reducing the total 
number of replicates in the experiment. Although egg production of 
females, particularly of the Yemen and Campinas strains, may be 
suppressed on this number of seeds, the provision of five cowpeas was 
considered acceptable as a basis on which to compare egg production.
Method
For each of the three strains and six possible crosses between
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strains (listed in Table 6 .1) twenty tubes were set up, each containing
five cowpeas. One male and one female, both virgins within one hour
of emergence, were then placed in each tube. After l8 days the 
numbers of hatched and unhatched eggs on each cowpea were recorded.
Once adults had begun to emerge the tubes were kept under observ­
ation during the day and unmated individuals were obtained by removing 
the beetles as they emerged from the cowpeas. Two unmated adults of 
each sex were taken from each tube and placed temporarily in jars
containing only insects of the same sex, from the same class of
parental pairing. At hourly intervals the individuals in these jars 
were used to establish pairings (listed in Table 6.2), following 
the same procedure as that used for the parental generation.
Adults which emerged overnight were not used for breeding 
experiments as in the majority of tubes both males and females were 
present and these insects were therefore unlikely to be virgins.
Such individuals were removed each morning and deep frozen. The 
progeny of replicate pairings were placed together in the same 
container and on the cessation of adult emergence forty males and 
forty females were taken from' each container, dried in the oven at 
120°C for three hours, allowed to cool in a dessicator and then weighed.
The results of a preliminary experiment (see Appendix 13) had 
indicated that the numbers of adults produced by females in crosses 
between the IITA and Campinas strains did not differ significantly 
from the numbers produced by females which mated with males of their 
own strain. For this reason, the crosses established in the F]_ 
generation concentrated on pairings between the Yemen strain and either 
of the two smaller strains.
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Pairing
Number
Parental Generation
Male Female
1 . ; Yemen Yemen
2 . IITA IITA
5. Campinas Campinas
4. Campinas Yemen
5. Yemen Campinas
6 . IITA Yemen
7. Yemen IITA
8 . IITA Campinas
9. Campinas IITA
Table 6 .1 Pairings established in the parental 
generation.
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Pairing
Number
t
F]_ Generation
Male Female
1. Yemen Yemen
2. IITA IITA
3. Campinas Campinas
4. a (C X  Y) (C X  Y)
b C (C X  Y)
c (C X  Y) C
d Y (C X  Y)
e (C X  Y) Y
3.a (Y X  C) (Y X  C)
b (Y X  C) C
c C (Y X  C)
d (Y X  C) Y
e Y (Y X  C)
6. a (I X  Y) (I X  Y)
b I (I X  Y)
c (I X  Y) I
d Y (I X  Y)
e (I X  Y) Y
7. a (Y X  I) , (Y X  I)
b (Y X  I) I
c I (Y X  I)
d (Y X  I) Y
e Y (Y X  I) '
Table 6.2 Pairings established in the generation.
Y, I and C denote Yemen, IITA and Campinas 
strains, respectively. Brackets are used 
to indicate hybrids produced from the 
parental generation (Table 6 .1).
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Pairing
Number
F^ Generation
Male Female
1 . Yemen Yemen
2 . IITA IITA
3. Campinas Campinas
4a. 1 . ((CxY) X  (CxY)) ((CxY) X  (Cxi))
4b. 1 . C (C X  (CxY))
4c. 1 . ((CxY) X  Y) Y
3a. 1 . ((YxC) X  (YxC)) ((YxC) X  (YxC))
3b. 1 . ((YxC) X  C) C
3c. 1 . Y (Y X  (YxC) )
6a. 1 . ((ixY) X  (ixY)) ((IxY) X  (IxY))
6b. 1 . I (I X  (IxY))
6c. 1 . ((IxY) X  Y) Y
7a. 1 . ((Yxl) X  (Yxl)l ((Yxl) X  (Yxl))
7b. 1 . ((Yxl) X  I) !
1
7c. 1 . Y (Yx (Yxl)) 1
I
Table 6 .3 Pairings established in the generation.
Brackets are used to indicate hybrids 
produced from the generation (Table 6.2)
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Eighteen days after these second generation pairings were 
placed in their tubes the numbers of hatched and unhatched eggs on 
each dowpea were recorded. When their progeny had completed 
development, unmated individuals were again obtained by following 
the procedure described previously and F^ pairings (listed in Table
6 .3 ) were established.
The F2 adults which had emerged overnight from pairings involving 
only Yemen and IITA individuals, were removed from their tubes and 
frozen. Once adult emergence was finished forty males and forty 
females from each class of pairing of these strains were dried in the 
oven then weighed^in parallel with previous practices.
The pairings established in the F2 generation were either self­
crosses or were back-crosses of F2 hybrids to individuals of the same 
sax and strain as had been mated with the hybrid parent in the 
previous generation. This pattern was adopted in an attempt to 
multiply any effects on the size or number of adult progeny which 
might result from sex linkage of the genes influencing these 
parameters.
The number of hatched and unhatched eggs on each cowpea and the 
number of adults which emerged in each tube were subsequently recorded 
following the same procedure used in previous generations.
Results
In the presentation of results in figures and tables, the first 
individual listed in each pairing is the male parent.
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Parental Generation
Males and females of each strain mated successfully with adults 
of both the other strains. The females of all pairings laid similar 
numbers of eggs, on average (Fig. 6 .1 ). Analysis of variance, 
performed to compare the numbers of eggs laid by females in the pure- 
strain pairings with females in the inter-strain crosses, revealed no 
significant difference in the levels of oviposition between these two 
groups (Table 6.4).
Analysis of variance performed to compare the numbers of eggs laid 
by females in the intra-strain pairings and females in the inter­
strain crosses, which subsequently failed to hatch, revealed no 
difference in the numbers of unhatched eggs between these two groups 
(Table 6.5). As these figures included those first instar larvae 
which failed to penetrate the testa, the results of this analysis of 
variance indicated that there was no increased infertility or first 
instar inviability among the hybrids of these inter-strain crosses.
As in previous experiments, only a relatively small percentage of 
the total number of eggs laid failed to hatch (for each pairing 
examined in this experiment the overall mean value was 6.5%). Since 
these unhatched eggs represent a small and relatively constant 
proportion of the total mortality in each generation, no detailed 
analysis was carried out on the data for egg infertility and embryonic 
mortality.
The greatest numbers of F]_ adults were produced by intra-strain 
pairings of Campinas or IITA individuals or by crosses between these 
two strains (Fig. 6.1). The pairing of two Yemen individuals 
together produced the smallest number of F^ adults. The numbers of 
adults which emerged from crosses between the Yemen strain and one of
Fig, 6 .1  Mean egg production (open columns) and mean adult
production (hatched columns) by females in each class 
of pairing in the parental generation. Each female 
was supplied with five cowpeas. Error bars represent 
95% Confidence Intervals.
(Means derived from data in Appendix l4 (a))
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Table 6.4 Analysis of variance of egg production by females
in the parental generation, comparing intra-strain 
pairings with inter-strain crosses.
Analysis of Variance
Source Df SS MS Variance
Ratio
Pairing 1 89I.O8 89I.O8 2.34 N/S
Error II8 41387.23 350.74
Total 119 42278.33
Table 6.5 Analysis of variance of numbers of eggs failing
to hatch in intra-strain pairings and inter-strain 
crosses, of the parental generation.
Analysis of Variance
Source Df SS MS Variance
Ratio
Pairing 1 43.20 43.20 1.26 N/S
Error II8 4033.17 34.18
Total 119 4076.37
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Table 6 .6 Analysis of variance and Newman-Keuls Multiple
Range Test on numbers of adults produced by each 
class of pairing in the parental generation.
Analysis of Variance
Source Df SS MS Variance
Ratio
Pairing 8 21028.1 2628.5 6 8 .8 p < 0.001
Error l44 5498.4 5 8 .2
Total 152 26526.5
Newman-Keuls Multiple Range Test
Pairing Mean Separation
I X  C 37.6 a
Camp. ■ 3 5 .3 a
C x i 3 3 .1 a
IITA 3 2 .6 a
Y x C 46.1 b
C X  Y 40.8 c
Y x l 3 6 .8 c d
I x Y 3 3 .1 d
Yemen 1 9 .9 e
(Each mean calculated from 17 observations)
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the other two were intermediate between these values (Table 6 .6).
F-i Generation
Among the pairings the numbers of eggs laid by hybrid females 
were again similar (Figs. 6 .2 (a) and 6.2 (b)). The statistical 
analysis of these results was carried out in several stages. Firstly, 
an analysis of variance was performed on the data from the three intra­
strain pairings. No significant differences were found among the 
strains (Table 6.7). A 2^ factorial analysis of variance was then 
performed on the data from the inter-strain crosses, omitting the 
"self-crosses" (i.e. pairings number 4a, 5a, 6a and 7a, in Table 6 .2 ), 
to examine the effect of the four factors listed below.
1 . "Strain". The pairings were divided initially into two groups, 
those involving the Yemen and IITA strains and those involving
• ■ the Yemen and Campinas strains.
2. "Yemen Input". The second division grouped together all the 
pairings in which the hybrid parent was back-crossed to a Yemen 
individual in the F^ generation and all those in which the 
hybrids were back-crossed to the IITA or Campinas strain.
3. "Sex of the Yemen Individual in the Parental Generation". The 
pairings were separated according to the sex of the Yemen 
individual in the parental generation.
4. "Reciprocal Combinations". Finally, the pairings were divided 
into those in which male hybrids were back-crossed to pure bred, 
single strain females and those in which female hybrids were back- 
crossed to males from pure strains.
Fig. 6.2 Mean egg production (open columns) and mean adult
production (hatched columns) by females in each class 
of pairing involving (a) Yemen and IITA strains and
(b) Yemen and Campinas strains in the F^ generation. 
Error bars represent 95% Confidence Intervals.
(Means derived from data in Appendix l4 (b).)
(a)
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Table 6.7 Analysis of variance of egg production by females
in intra-strain pairings.
Analysis of Variance
Source Df SS MS Variance
Ratio
Pairing 2 384.1 292.1 1.7 N/S
Error 51 5902.7 174.6
Total 53 9486.8
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None of these four factors had a significant effect on the mean 
number of eggs laid per female (Table 6 .8). The interaction between 
factors 3 and 4 was significant, however, as were two other 
interactions each involving three factors. There are no obvious 
explanations for the significance of these interactions.
Having eliminated the ^Reciprocal" factor as a source of variation, 
the data from reciprocal pairings were then pooled and a two-way 
analysis of variance was then performed. In the design of this second 
analysis, now including the self-crosses, the factor termed "Strain" in 
the previous test was retained and the second factor, "Yemen input", 
was expanded to include three levels - self-crosses, back-crosses of 
hybrids to IITA or Campinas individuals and back-crosses to Yemen 
individuals.
■ In this second analysis only the "Strain" factor had a significant 
effect on egg production (Table 6.9). Hybrids of Yemen x IITA crosses 
laid more eggs than hybrids of Yemen x Campinas crosses. Although a 
similar pattern was not apparent in the numbers of eggs laid by 
females in IITA x Yemen and Campinas x Yemen crosses, the result does 
agree with those from the intra-strain pairings, in which mean egg 
production of IITA females was higher than that of Campinas females.
The data on adult emergence from pairings (Fig. 6.2 (a) and 
6 .2 (b)) were analysed in the same manner as the oviposition data.
Among the intra-strain pairings there were significant differences 
between all three strains (Table 6.10), the Yemen strain producing 
fewest adults and the Campinas strain producing most adults. The 
results of the 2^ factorial analysis of variance (again omitting the 
self-crosses) revealed that both "Strain" and "Yemen Input" had a 
very significant effect on the numbers of adults produced, whereas the
138,
Table 6,8 2^ factorial analysis of variance of
egg production by females in inter-strain 
crosses (excluding self-crosses), showing only 
the results from the main factors and significant 
interactions.
Analysis of Variance
Source Df SS MS Variance
Ratio
A Strain 1 223.0 2 23 .0 0 .8 2 N/S
B Yemen Input 1 3 2 .1 1 3 2 .1 1 0 .1 2 N/S
C Sex 1 469.44 469.44 1 .7 2 N/S
D Reciprocal 1 448.03 448.03 1.64 N/S
CD 1 2146.78 2146.78 7 .8 3 p < 0 .0 1
ABD 1 1236.69 1236.69 4 .3 2 p < 0 .0 3
BCD 1 1406.23 1406.23 3.14 p< 0 .0 3
Error 128 34998.67 273 .43
Total 143 42822.60 299.46
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Table 6.9 Two-way analysis of variance of egg production 
by females in all inter-strain crosses.
Analysis of Variance
Source Df SS MS Variance
Ratio
Strain 1 1001.04 1001.04 3 .9 3 p < 0 .0 3
Yemen Input 2 101.86 3 0 .93 0 .2 0 N/S
Interaction 2 934.19 467.10
Error 210 33266.86 233 .63
Total 213 33303.96
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Table 6.10 Analysis of variance and Newman-Keuls Multiple
Range Test on adult production by each intra­
strain pairing.
Analysis of Variance
Source Df ' SS MS Variance
Ratio
Strain 2 7707.0 385 3 .5 60.8 p< 0.001
Error 51 3234.3 6 3 .4
Total 53 10941.3 '
Newman-Keuls Multiple Range Test
Strain Mean Separation
Campinas 50.6 a
IITA 42.1 b
Yemen 22.1 c
(Each mean calculated from l8 observations')
141
sex of the Yemen individual in the parental generation and the 
"Reciprocal" factor had no significant effect (Table 6 .11).
The largest source of variation is that caused by the "Yemen Input" 
factor. When hybrids were back-crossed to either the IITA or 
Campinas strains, more F2 adult progeny were produced than when F^ 
hybrids were back-crossed to the Yemen strain. The significance of 
the "Strain" effect results from the production of a higher number of 
adults in crosses involving the Yemen and Campinas strains than in 
crosses involving the Yemen and IITA strains.
The interaction between "Strain" and "Yemen Input" is also a
significant source of variation in the numbers of F2 adults produced. 
Back-crossing F]_ hybrids to Yemen individuals caused a greater 
reduction in the numbers of F2 adults produced if the cross involved 
the Campinas strain than it did if the IITA strain was involved.
This may reflect the fact that in the parental generation higher 
numbers of adults were produced from crosses involving the Yemen and 
Campinajs strains than were produced from crosses between the Yemen and 
IITA strains. Consequently, the decrease toward the "pure" Yemen 
strain value was more marked for those crosses involving the Campinas 
strain. The interaction between "Strain" and "Reciprocal" is also
significant, although there is no apparent explanation of this result.
The data from reciprocal crosses was again combined and a two-way 
analysis of variance performed to test simultaneously for the effect of 
"Strain" and "Yemen Input". (The "Yemen Input" factor was again 
expanded to include the three levels described previously). The 
"Yemen Input" factor was the larger source of variation (Table 6.12), 
a significantly higher number of adults being produced by back-crosses 
of F^ hybrids to IITA or Campinas individuals, as opposed to back-
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Table 6.11 24 factorial analysis of variance of
adult production by females in the inter-strain 
crosses (excluding self-crosses), showing only the 
results for the four main factors, and significant 
interactions.
Analysis of Variance
Source Df SS MS Variance
Ratio
A Strain 1 738 .03 738 .03 15 .96 p< 0 .0 0 1
B Yemen Input 1 9184.03 9184.03 198 .63 p< 0 .0 0 1
C Sex 1 7 8 .03 7 8 .0 3 1 .6 9 N/S
D Reciprocal 1 1 4 .69 14.69 0 .3 2 N/S
AB' 1 455.11 455 .11 9.84 p< 0 .0 0 5
AD 1 186.78 186 .78 4.04 p< 0 .0 5
Error • 128 5918 .44 46.24
Total 143 16954.00 118.56
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Table 6.12 Two-way analysis of variance and Newman-Keuls
Multiple Range Test on adult production by each
female in inter-strain crosses.
Analysis of Variance
Source Df SS MS Variance
Ratio
Strain 1 552.01 552.01 9.94 p <0.001
Yemen Input 2 10723.29 5356.64 96.54 p< 0.001
Interaction 2 676.84 338.42
Error 218 12107.51 55.54
Total 223 24026.75
A preliminary test indicated the significance of the 
interaction between the 2 main factors (p< 0 .005).
Newman-Keuls Multiple Range Test-
Pairing Mean Sample Separation
Size
2 , 31.35 72 a
3 33.86 80 a
1 4 7 .32 72 b
Pairings in the Newman-Keuls table above are numbered as follows 
hybrids produced from the parental generation by,
(1) back-crossing to IITA or Campinas individuals,
(2) back-crossing to Yemen individuals, and
(3 ) self-crossing.
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crosses to Yemen individuals or self-crosses. The "Strain" factor 
was also significant for the reasons given previously in presenting 
the results of the preparatory factorial analysis.
Generation
Among all the F2 pairings the number of eggs laid by individual 
females was again similar (Fig. 6.3 (a) and 6.3 (b)). Amongst the 
intra-strain pairings, however, the IITA females laid a significantly 
higher number of eggs than females of the other two strains (Table 6 .I3 ). 
A two-way analysis of variance was performed on the data from inter­
strain crosses. "Strain" and "Yemen Input" were again the two factors 
tested. The three levels of Yemen input involved in the analysis 
were self-crosses among F2 hybrids, F2 hybrids back-crossed to IITA 
or Campinas individuals and F2 hybrids back-crossed to Yemen individuals. 
Both factors had a significant effect on the numbers of eggs laid 
(Table 6.l4). Females in those crosses involving Yemen and IITA 
strains laid more eggs than females in crosses involving Yemen and 
Campinas strains. This result agrees with those from the F^ pairings. 
Among the different levels of "Yemen Input", females in those crosses 
where F2 hybrids were back-crossed to Yemen individuals laid signifi­
cantly more eggs than females in crosses where the F2 hybrids were 
self-crossed.
The numbers of F^ adult progeny produced by each pairing 
(Fig. 6 .3 (a) and 6.3 (b)) were analysed in the same way as the data 
on oviposition. Among the intra-strain pairings the number of 
emergences in the Yemen strain was significantly lower than that of the 
IITA or Campinas strains (Table 6 .I5). A two-way analysis of variance 
was then performed on the adult emergence data for inter-strain crosses 
to test simultaneously for the effect of the "Strain" and "Yemen Input" 
factors.
Fig, 6 .3  Mean egg production (open columns) and mean adult
production (hatched columns) by females in each 
class of pairing involving (a) Yemen and IITA 
strains and (b) Yemen and Campinas strains in the 
F2 generation. Error bars represent 95^ Confidence 
Intervals.
(Means derived from data in Appendix l4 (c) ).
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Table 6.13 Analysis of variance and Newman-Keuls Multiple
Range Test on egg production by females in F2
intra-strain pairings.
Analysis of Variance
Source Df SS MS Variance
Ratio
Strain 2 4378.7 2189 .4 6.7
Error 48 15738.5 3 27 .9
Total 50 20117.2
Newman-Keuls Multiple Range Test
Strain Mean Separation
IITA 96 .3 a
Yemen 8 0 .8 b
Campinas 7 4 .2 b
p < 0.005
(Each mean calculated from 17 observations)
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Table 6,l4 Two-way analysis of variance and Newman-Keuls
Multiple Range Test on egg production by females
in F2 inter-strain crosses.
Analysis of Variance
Source Df SS MS Variance
Ratio
Strain 1 4748.84 4748.84 17 .81 p< 0 .001
Yemen Input 2 4013.48 2006 .74 7 .3 6 p< 0 .001
Interaction 2 1921.90 960 .95
Error 266 70605.19 265.43
Total 271 80042.69
A preliminary test indicated the,significance of the 
interaction between the two main factors (p < 0 .05).
Newman-Keuls Multiple Range Test
Pairing Mean Sample
Size
Separation
3 78 .82 136 a
1 83 .97 68 ab
2 87 .96 68 b
Pairings in table numbered as for Newman-Keuls Test in 
Table 6.12.
Table 6.13 Analysis of variance and Newman-Keuls Multiple
Range Test on adult production by females in
each F2 intra-strain pairing.
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Analysis of Variance
Source
Pairing
Error
Total
Df
2
48
30
SS
6481.4 
3116.0
9397.4
MS
3240.7
64.9
Variance
Ratio
49.9 p< 0.001
Newman-Keuls Multiple Range Test
Strain
Campinas
IITA
Yemen
Mean
48.6
4 3 .4
22.5
Separation
(Each mean calculated from 17 observations)
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Table 6 .I6 Two-way analysis of variance and Newman-Keuls
Multiple Range Test on adult production by 
females in inter-strain crosses.
Analysis of Variance
Source Df SS MS Variance
Ratio
Strain 1 680 .0 6 80 .0 14.37 p< 0 .0 0 1
Yemen Input 2 11230.0 3265 .1 120 .56 p< 0 .001
Interaction 2 3 .9 3 .0
Error 266 12411.6 46.7
Total 271 24379.3
A preliminary test indicated that the interaction between 
the two main factors was not significant.
Newman-Keuls Multiple Range Test
Pairing Mean Sample
Size
Separation
2 28 .90 68 a
3 36 .3 8 136 b
1 46.96 68 c
1 in table numbered as for Newman-Keuls Test
Table 6.12.
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The "Yemen Input" factor had the larger effect on adult emergence, 
the highest number of adults being produced when hybrids were back- 
crossed to either the IITA or Campinas strains and the lowest number 
resulting from back-crosses to the Yemen strain (Table 6 .I6). As in 
the previous generation the number of adults produced by crosses 
involving the Yemen and Campinas strains was greater than the numbers 
produced by crosses involving the Yemen and IITA strains.
The adult emergence data for all the combinations listed in 
Tables 6.1, 6.2 and 6 .5 (except those between the IITA and Campinas 
strains) were summarised by calculating the percentage genetic input 
to each cross from the Yemen strain (Table 6.17) and plotting these 
values against the number of adults produced by each mated pair of 
beetles. This was done separately for the crosses involving Yemen 
and IITA, and Yemen and Campinas strains. Linear regression lines 
drawn through the two sets of data points (Fig. 6.4) both have 
regression coefficients significantly different from zero (Table 6 .I8). 
As the slopes of these lines indicate, increasing the genetic 
contribution of the Yemen strain to a series of crosses with the IITA 
or Campinas strains caused a reduction in the number of adults which 
emerged from a limited number of cowpeas. The regression coefficients 
for the IITA and Campinas strains are significantly different (p<0.00l), 
an increase in the Yemen input to crosses involving Yemen and Campinas 
strains causing a greater reduction in adult emergence than the 
corresponding increase to crosses involving Yemen and IITA strains.
The percentage genetic input of the Yemen strain also effects the 
dry weight of the adult hybrids produced by a cross (Figs. 6.5 and 6 .6). 
The adult weight of F]_ hybrids from crosses between Yemen and IITA and 
Yemen and Campinas strains lies intermediate to the mean adult weight 
of individuals from the two strains involved (Table 6 .I9). Similarly,
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Pairings % Yemen 
Input
Mean No. of 
Adults Emerged 
/Female 95% 
Confidence Intervals
Yemen & Campinas
C X  C 0 48.86 + 2 .5 3
e.g. Cx(Cx(CxY)) 12.5 4 8 .6 0 + 1 .8 7
e.g. Cx(CxY) 25 51 .5 1 + 2 .2 8
e.g. (CxY)x(CxY) 50 3 6 .0 0 + 2 .6 6
e.g. (CxY) X Y 75 3 2 .0 5 + 2.04
e.g. ((CxY)xY)xY 8 7 .5 3 0 .1 2 + 2 .2 6
Yemen & IITA
I X  I 0 4l.l6 + 3 .9 6
e.g. Ix(lxdxY)) 1 2 .5 4 5 .36 + 3 .1 3
e.g. I X  (ixY) 25 4 3.2 6.+ 2 .2 3
e.g. (IxY)x(lxY) 50 3 6 .0 2 + 2 .2 6
e.g. (ixY)xY ■ 75 3 0 .8 6 + 2 .0 0
e.g. (lxY)xY)xY 8 7 .5 2 6 .8 1 + 2 .3 9
Yemen x Yemen 100 22 .6 2 + 2 .3 9
Table 6.1? Percentage genetic input to pairings, by the
Yemen strain and the mean number of adults which 
emerged from pairings with the same level of 
"Yemen Input".
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Table 6 .I8 Statistics from regression of numbers of adults
produced per female, on percentage genetic input 
from the Yemen strain, for crosses involving 
(a) Yemen and IITA, and (b) Yemen and Campinas 
strains.
154,
(a) Slope = -O.23 Intercept = 46.46
Analysis of Variance
Source Df SS MS Variance
Ratio
Regression 1 
Error 372 
Total 373
22998.6 22998.6 
24126.4 64.9
47123.0
354.6 p< 0.001
(b) Slope = - 0 .2 5 Intercept = 53.53
Analysis of Variance
Source Df
Regression 1 
Error 372 
Total 373
SS MS
37900.7 37900.7
20626.8 55.4 
58327.5
Variance
Ratio
683.5 P <  0 . 0 0 1
Fig. 6.5 Dry weight of adults produced by females
in each class of pairing in the parental 
generation.
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class of pairing in the F^ generation, involving 
the Yemen and IITA strains.
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when Fi hybrids of the Yemen and IITA strains were back-crossed to 
Yemen individuals the F2 progeny were, on average, heavier than those 
adults produced by self-crossing or back-crossing these hybrids to 
IITA individuals (Table 6 .I9). Thus,the greater the genetic 
contribution of the Yemen strain to a particular cross - the larger 
the size of the adult progeny produced.
DISCUSSION
When interbreeding occurs between previously isolated populations 
assumed to be of the same species, a variety of genetic phenonena may 
be observed. It is possible for such populations to produce hybrids 
with reduced viability, or hybrids which are sterile. This can 
happen even when the populations involved appear morphologically 
identical (Dobzhansky, 1957). It is also possible, however, for an 
increase in the viability or productivity of hybrids (heterosis) to 
occur (Hartl, I9B0),
The results presented in this chapter demonstrate that no 
reproductive barriers operate to prevent the strains of £. maculatus 
under investigation from inter-breeding. Viable and fertile F^ and F2 
progeny of both sexes are produced by all the possible pairings 
between two strains, including reciprocal crosses.
The data on egg production of hybrid and "pure” strain females 
provides no evidence of heterosis. In general hybrid females of all 
inter-strain crosses laid similar numbers of eggs. However, not all 
hybrid females achieved the same adult productivity. The greater the 
genetic input from the Yemen strain to any cross or series of crosses, 
the smaller the number of adult progeny produced (Fig. 6.4).
Increased "Yemen input" would cause a subsequent reduction in the total
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number of eggs laid by the F]_ females produced in these crosses. In 
the laboratory at least, therefore, the rate of growth of the IITA 
and Campinas strains of £. maculatus could be reduced, simply by 
introducing a large number of Yemen individuals into IITA and 
Campinas populations, as adults are emerging.
Although fewer adults were produced as a result of increased 
genetic input from the Yemen strain, on average, these adults were 
heavier than hybrids with a smaller "Yemen input". The overall 
effect of "Yemen input" to IITA and Campinas populations, on the 
total weight loss of cowpea caused by these two strains, cannot 
therefore be predicted. Even if the net result was a reduction in 
cowpea weight loss, as well as a reduction in the rate of population 
growth, it is not possible to envisage any practical method of 
reducing cowpea losses in the rural storage situation by crossing the 
Yemen strain with local populations of £. maculatus.
The production of inter-strain hybrids of intermediate size 
indicates that there is no simple dominance/recessive relationship 
between the size of Yemen individuals and that of the two smaller 
strains. It is likely, therefore, that a number of loci in the 
genotype are involved in the control of size. These genes must 
interact with environmental factors to determine the actual size of 
each adult beetle. The relationship between the size and number of 
adult hybrids emerging from individual seeds also provides further 
evidence that the number of £. maculatus adults which will emerge from 
a single black-eyed cowpea is principally determined by the size of 
the larvae.
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The data from reciprocal crosses provides no evidence for sex 
linkage of the genes controlling any of the characters examined in 
this study.
To obtain more detailed information on the actual mode of 
inheritance of these characteristics would require elaborate, 
specifically designed experiments.
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CHAPTER 7
PEEEORMANCE OF THE THREE STRAINS ON A RESISTANT 
COWPEA VARIETY
Introduction
The cowpea variety TVu 2027, originating from northern Nigeria, 
appears to be unique. Among approximately 7000 cowpea accessions 
screened at IITA it was the only one to exhibit a significant level 
of resistance to Gallosobruchus maculatus (IITA, 198I ; Dobie, I981). 
This resistance is associated, at least in part, with the high levels 
of trypsin inhibitor found in the seeds of this variety (Gatehouse et 
al., 1979 ; Gatehouse and Boulter, I983).
The response of C_. maculatus to TVu 2027 is not consistent 
throughout the species. When females of the Campinas strain laid 
eggs on the resistant seeds only 11^ of those larvae which hatched had 
developed into adults, 49 days after oviposition. In the same 
experiment 4l^ of the eggs laid by £. maculatus females from IITA 
produced adults, within the same time period (Redden et al., I983).
This geographical variation among strains of C_. maculatus is 
potentially of great importance to the value of new cowpea lines 
being developed at IITA, the bruchid-resistant properties of which 
are derived from TVu 2027.
This chapter describes experiments performed to examine further 
the variation between strains in their response to TVu 2027 and to 
compare their performance on this "resistant” variety with that on the 
commercial Californian black-eyed cowpeas used in the previous chapters.
The TVu 2027 seeds used in these experiments were received directly 
from IITA and arrived in two separate batches in I982. As- no inform­
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ation was supplied with the seeds regarding the number of parent 
plants involved, how these plants were pollinated, their growing 
conditions or the date of harvest, the two batches were thoroughly 
mixed together before use and thereafter were treated as a single 
sample. The total amount of TVu 2027 available was approximately 1kg 
and this placed a limit on the size of the experiments which could be 
performed.
On arrival, the TVu 2027 seeds were stored in a freezer to prevent 
contamination by mites or psocids. No fumigation treatment was there­
fore necessary. The seeds were conditioned for experimental use in a 
manner identical to that used for the black-eyed cowpeas.
Samples of one hundred black-eyed cowpeas and one hundred seeds 
of the TVu 2027 variety were weighed after conditioning, before these 
experiments were commenced. The mean wet weight (+_ 95^ Confidence 
Intervals) of individual black-eyed and TVu 2027 cowpeas was 266.8 _+ 
4.64 mg and 317*3 + 5-68 mg, respectively.
7.1
Multiple Infestation of Black-eyed and TVu 2027 Cowpeas 
Introduction
An initial experiment was carried out to confirm the resistance 
of TVu 2027 seeds to those strains of C_. maculatus previously used 
in screening this variety (IITA and Campinas), and to test for the 
resistance of TVu 2027 to the Yemen strain. The criterion used in 
this experiment to assess the bruchid resistance of the seed was the 
percentage of hatched eggs which had produced emerged adults 30 days 
after oviposition. As the development period of some individuals on 
TVu 2027 can be more than twice the length of the earliest adults to 
emerge (Redden ^  al., I983), the experiment had to be terminated
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before the emergence of adults from eggs laid by females could 
occur.
This criterion (.% emergence by Day 30) was used in preference 
to others, such as mean development period of individuals on TVu 2027, 
as it required only one count of the adult emergences in each tube.
Method
For the IITA and Campinas strains, twenty-five tubes each 
containing one black-eyed cowpea and twenty five tubes each containing 
one TVu 2027 cowpea were set up. For the Yemen strain, fifty such 
tubes were used for both the resistant and the susceptible cowpeas to 
compensate for the smaller numbers of Yemen adults which emerge from 
individual seeds. One male and one female, both adults within 1 hour 
of emergence, were placed in each tube. After 24 hours the beetles 
were removed and the number of eggs on each cowpea reduced to approx­
imately twelve, by scraping off the excess eggs with a scalpel blade.
After l8 days the number of hatched eggs on each cowpea was noted 
and 30 days after oviposition the total number of adults to have 
emerged from each seed was recorded.
In addition to the number of F^ adult emergences, the egg 
production of F-j^ females was also determined. Forty tubes each 
containing forty fresh black-eyed cowpeas were set up for the three 
strains when adult emergence commenced. During the emergence period 
unmated individuals were obtained by observing the tubes and removing 
beetles as they emerged from the seeds.
For each strain, one virgin pair which had developed on the black­
eyed cowpeas was placed into each of twenty tubes containing forty 
black-eyed cowpeas. Similarly, one virgin pair of beetles which had
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successfully developed on the TVu 2027 variety was placed into 
each of the remaining twenty tubes. (The Campinas strain was 
eventually omitted from this part of the experiment because of the 
very small number of Campinas adults which emerged from the TVu 2027 
seeds).
Results
A Kruskal-Wallis non-parametric analysis of variance revealed 
no significant differences in the numbers of hatched eggs per cowpea 
among the six sets of tubes representing the six combinations of 
beetle strain and host seed (black-eyed or TVu 2027). The percentage 
adult emergence in each set of tubes was therefore measured at 
comparable larval densities.
For the IITA and Campinas strains, percentage emergence by Day 30 
was significantly lower on the TVu 2027 variety than on the black­
eyed cowpeas (p<0.00l) (Table 7.1). This may reflect increased 
larval mortality within the TVu 2027 seeds, or an increase in the 
development period of surviving larvae, or both. Either of these 
effects will reduce the intrinsic rate of increase of these strains on 
TVu 2027. There was no significant difference in the percentage 
emergence of the Yemen strain on the black-eyed and TVu 2027 cowpeas.
As previous experiments have shown, higher levels of post-embryonic 
mortality occur in the Yemen strain and this may have masked the 
mortality caused by the factors which confer resistance on TVu 2027 
seeds.
The greater mean weight of the TVu 2027 seeds rules out the 
possibility that the smaller numbers of IITA and Campinas adults which 
emerged from this variety were a result of a difference in size between 
the susceptible and resistant cowpeas.
Table 7.1 Performance of the three strains on black-eyed and TVu 2027
cowpeas at a mean larval density of approximately 12 per seed. 
(Means derived from data listed in Appendices 13 and 16.)
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For all three strains, the mean number of adults emerging from 
each black-eyed and TVu 2027 cowpea is quoted in Table 7.1 with the 
coefficient of variation (expressed as a percentage) calculated for 
each set of data. In each case the coefficient is larger for the 
TVu 2027 results than for the results from the black-eyed cowpeas.
This indicates that variation in the number of adults emerging from 
each seed was much greater among the TVu 2027 cowpeas than it was 
among the black-eyed cowpeas. This in turn suggests that the 
factors conferring resistance on TVu 2027 varied significantly from 
seed to seed.
In both the Yemen and IITA strains the egg production of F^ females 
on forty black-eyed cowpeas was the same for both those individuals 
which developed on the TVu 2027 seeds and those which developed on the 
commercial cowpeas (Table 7.1). The variety of cowpea on which the 
adults had developed had no effect on the numbers of eggs which failed 
to hatch (Table 7.1).
7.2
Infestation of Black-eyed and TVu 2027 Cowpeas by Individual Insects 
Introduction
At the initial larval densities used in the previous experiment 
some mortality as a result of competition was inevitable (see Fig. 4.1 
and 4.6) and this mortality could not be distinguished from that 
produced by the resistance factors in TVu 2027 cowpeas. When 
screening cowpea varieties for potential sources of resistance, Dobie 
(unpublished data) and Nwanze and Berber (1975) measured percentage 
survival to adult emergence in cowpeas on which approximately six eggs 
had been laid. Even at these larval densities, however, mortality is 
likely to occur as a result of competition for a limited resource and
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this mortality will be greater in the Yemen strain than in either of 
the two smaller strains.
To enable the effects of competition to be separated completely 
from the effects of the resistance factors in TVu 2027, an experiment 
was carried out with only a single hatched egg on each seed.
In this experiment several calculations were performed to give 
comparative measures of the resistance of TVu 2027 to attack by the 
three strains of C_. maculatus. Mean emergence period and percentage 
adult emergence at the end of a fixed period after oviposition (45 days) 
were both considered by Redden and McGuire (1983) in their discussion 
of suitable criteria for the assessment of bruchid-resistance in cowpeas, 
Howe’s ’’Index of Suitability for Development” (Howe, 1971) (derived 
from the data by dividing the common or natural logarithm of the per­
centage survival by the mean development period) has been used by 
several authors to rank the suitability of various pulses as host seeds 
for Callosobruchus species (Girish a2., 197^ ; Vir and Jindal, I981). 
All of these calculations, as well as the total percentage survival to 
adult emergence, were used here to indicate differences in the suitab­
ility of the black-eyed and TVu 2027 cowpeas as hosts for the three 
beetle strains.
Method
For each of the three strains fifty tubes were set up each 
containing one black-eyed cowpea. The same number of tubes containing 
a single TVu 2027 cowpea were set up for the Yemen and IITA strains. 
However, because of the very low percentage emergence of Campinas adults 
from TVu 2027 in the previous experiment, one hundred tubes containing 
this variety were set up for the Campinas strain.
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One female taken from stock cultures was placed in each tube.
After 24 hours the females were removed and the number of eggs on each 
cowpea was reduced to one, by scraping off excess eggs with a scalpel 
blade. Eighteen days later the cowpeas were examined and the failure 
of any eggs to hatch was noted. Once adult emergence had commenced 
the number of emergences was recorded daily. This was continued until 
70 days after oviposition.
At the end of this period, the tubes containing those seeds 
infested by IITA and Campinas insects were placed in the freezer for 
three days to kill off any larvae or pupae which may still have been 
developing. On removal from the freezer the tubes were returned to 
the CTH room for 7 days to recondition, After this time, one female 
from a stock culture was placed in each tube for 24 hours. When the 
females were removed, the number of eggs on each seed, was reduced to 
one. The failure of any egg to hatch was again noted and the emergence 
of adults after this second period of oviposition was recorded as 
described above.
Results
In all three strains the proportion of first instar larvae which 
survived to adult emergence was significantly lower (p<0 .05) on 
TVu 2027 than on black-eyed cowpeas (Chi. square = 19.5, 15-5 and 
1 07 .0 for the Yemen, IITA and Campinas strains respectively). This 
difference is greatest in the Campinas strain, in which only 9.28% of 
the first instar larvae survived to emerge as adults on TVu 2027, 
compared with 100^ survival on the commercial variety (Table 7.2).
The difference between percentage survival of the Yemen and IITA 
strains on TVu 2027 (6 3..l6?é and 7 0.83% respectively) was not significant.
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Yemen IITA Campinas
Black
-eyed
TVu
2027
Black
-eyed
TVu
2027
Black
-eyed
TVu
2027
% Survival 
to Adult 97.85 65.16 9 7 .92 70 .85 100.00 9 .2 8
Emergence
(s)
(9 1.67) (70.45) (9 1.67) (9 .78)
Mean 
Development 
Period(Days) 
(T)
25.33 3 9 .1 7 25.11
(26.50)
49.11
(45.26)
25 .77
(26.41)
3 9 .3 4
(3 4.00)
% Adult 
Emergence 
by Day 45
97.85 50.00 97 .92
(9 1.67)
27 .08
(54.09)
100.00
(9 1.67)
6.19
(7 .61)
Howe's 0.079 0.045 0.079 0.058 0 .0 7 7 0.024
Index 
(log S/T) (0.074) (0.045) (0.074) (0 .029)
Table 7.2 Performance of IITA and Campinas strains on black-eyed and 
TVu 2027 cowpeas, at a larval density of one per seed. 
Values from a second infestation of the same seeds by 
single larvae are in parenthesis. (Mean development 
periods and percentage adult emergence by Day 45 were 
calculated.from data listed in Appendices 17 and l8 , 
respectively.)
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In all three strains the mean development period was longer on 
TVu 2027 than on the black-eyed cowpeas (Table 7»2). As the figure 
for the Campinas strain on TVu 2027 was based on only nine surviving 
insects, it should be regarded as less reliable than the values 
calculated for the other two strains. The mean development period 
on TVu 2027 was shorter for the Yemen strain than for the IITA strain 
and almost twice as many Yemen emergences had occurred by Day 4$
(Table 7.2).
The difference in the temporal pattern of emergences from TVu 2027 
(Fig 7 .1) accounts for the difference in the value of Howe's "Index 
of Suitability for Development", computed for these two strains. As 
this calculation involves division by the mean development period, a 
lower value for this parameter will result in a larger value of the 
index. The higher the index value the more suitable the host seed. 
Thus, although the total number of adult emergences from the Yemen and 
IITA strains were statistically equal, Howe's index indicates that 
Yemen insects found the TVu 2027 variety more suitable for development.
For both the IITA and Campinas strains, there was no significant 
decrease in the percentage survival of the second group of larvae 
developing on the black-eyed "control".cowpeas (Table 7.2).
Subsequent comparison of percentage survival in the first and second 
infestations of the resistant variety, also revealed no significant 
difference between the two groups of larvae, in either strain. For 
both strains on the two host varieties, the comparable figures for 
mean development period and for Howe's index were relatively similar 
in both the first and second infestations (Table 7.2).
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Fig. 7 .1 Temporal distribution of adult emergences from the TVu 2027 
variety for (a) Yemen, (b) IITA and (c) Campinas strains. 
Each cowpea was infested by only one insect.
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For the IITA strain only, the adult emergence data from both 
infestations were combined and a coefficient was calculated to 
determine whether any correlation existed between the fate of the 
larvae in each infestation. In this analysis only the seeds on 
which both eggs had hatched successfully were considered. For each 
infestation those cowpeas from which an adult had emerged were scored 
as + ve and those from which no adult had emerged were given a - ve 
score. The number of replicates in which the scores from the two 
infestations were the same (ie. +/+ or -/-) and the number in which 
the two scores were different, were then calculated.
The Binomial Test was used to analyse these results. If the 
survival of a larva on TVu 2027 was solely dependent on the level at 
which some biochemical factor was present in each seed, then the 
number of +/+ or -/- scores (23) should have exceeded the number of 
-/+ or +/- scores (19). The Binomial Test revealed no significant 
difference in the frequency with which these two types of score 
occurred. There was, therefore, no correlation between the fate of 
larvae in the two infestations. This in turn indicates that factors 
in addition to those within the seed are involved in determining 
whether an individual larva will survive to emergence on TVu 2027.
No departure from a 1 : 1 sex ratio was observed in any of the 
groups of adults emerging from cowpeas of either variety.
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7.3
Radiographic Studies of TVu 2027 Cowpeas Infested by the Camninas 
Strain
Introduction
The results of the experiments described in the previous sections 
(7.1 and 7.2) confirm and extend the findings of Redden et al. (1983) 
which showed that the Campinas strain suffers very high levels of 
larval mortality on the TVu 202? variety. To determine the stage of 
development at which this mortality occurs, radiographic studies of 
TVu 2027 seeds infested by the Campinas strain were undertaken.
Method
Ten females were taken from a stock culture of the Campinas strain 
and placed in a tube containing twenty-five TVu 2027 cowpeas. After 
24 hours the females were removed and the number of eggs on each seed 
was reduced to six. This number of eggs was left on each seed so that 
each developing larvae could be easily distinguished on the radiographs.
Following the procedure described in Chapter 2 the first radiographs 
were taken 10 days after the females were removed from the cowpeas. 
Thereafter, radiographs were taken at 2-day intervals until 40 days 
after oviposition.
Results
Plate 7 .1  was produced from a radiograph taken 35 days after the 
eggs were laid on the cowpeas. The large light areas within the 
darker outline of certain of the cowpeas (seeds 1 and 8) indicate 
where adults had emerged. In other seeds large larval cells are 
visible containing insects which had reached a relatively advanced 
stage of development (seeds 3 and 6). In comparison with the black­
eyed cowpeas shown in Plate 3.1 (c) (infested by the same number of
Plate 7.1 (Facing Page) TVu 2027 cowpeas infested by the Campinas 
strain, 35 days after oviposition (Scale : x2 ).
Numbered seeds referred to in the text are shown above.
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Campinas larvae for the same length of time) however, the TVu 2027 
seeds had suffered very little damage.
Although larval tunnels of varying length are clearly visible 
(e.g. in seeds 2 , 5 , 4 and 7), the larvae developing within the 
majority of the cowpeas had not increased in size sufficiently to 
form large chambers. This indicates that the larvae in these 
tunnels had died, or were developing at a much slower rate than larvae 
of £. maculatus infesting black-eyed cowpeas. The length of some of 
the tunnels does suggest, however, that Campinas larvae developing on 
this resistant variety will feed for some time before dying.
In those seeds where at least some individuals had developed 
normally, not all larvae were equally successful. At an initial 
larval density of six per seed, on this large seeded variety (TVu 2027 
seeds were heavier on average than the black-eyed cowpeas), it is 
unlikely that mortality among early instar larvae resulted from 
competition. Instead, these results provide further evidence that 
in addition to those factors which determine the characteristics of 
individual "resistant" cowpeas, genetic variability within £. maculatus 
populations will influence the percentage survival of larvae on 
TVu 2027.
7.4
Infestation of Black-eyed and TVu 2027 Cowpeas by Hybrids of 
C. maculatus Strains.
Introduction
The experiments described previously in this chapter indicate 
that the three strains of £. maculatus respond differently to the 
resistant cowpea variety, TVu 2027. This variation among the strains 
was assumed to have a genetic basis and an experiment was performed
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to examine the degree of resistance shown by TVu 2027 seeds to hybrids 
produced by crossing the beetle strains.
As indicated by the results of experiments in the previous 
chapter, all three strains cross with each other without any loss of 
fertility or viability among the hybrids. The performance of the 
hybrid larvae may therefore be directly compared with that of the 
"pure strains".
Method
For each of the three strains and for the six inter-strain crosses^ 
twenty tubes containing one black-eyed cowpea and fifty tubes con­
taining one TVu 2027 cowpea were set up. One male and one female of 
the chosefi strains, both virgins, were placed in each tube. After 
24 hours the beetles were removed and the number of eggs on each 
cowpea reduced to one, by scraping off excess eggs with a scalpel 
blade. Eighteen days later the seeds were examined and the failure 
of any eggs to hatch was noted.
Once adult emergence began, the number of emergences was 
recorded daily until 90 days after the oviposition of the eggs. The 
total percentage survival, mean development period, percentage 
emergence by Day 45 and the value for Howe's "Index of Suitability" 
were then calculated for each cross and each pure-strain pairing.
Results
For each of the three strains and six inter-strain crosses the 
percentage of first instar larvae which survived to adult emergence 
was lower on the TVu 2027 variety than on the black-eyed cowpeas 
(Table 7.5 (a), (b) and (c)). Of the three strains, IITA produced 
the highest number of emergences from TVu 2027 (85.42^). This
Table 7-3 Results from intra-strain and inter-strain pairings of (a) 
IITA and Campinas, (b) Yemen and Campinas, and (c) Yemen 
and IITA strains, infesting black-eyed and TVu 2027 cowpeas. 
The first letter in each pairing represents the male parent. 
Each seed was infested by only one insect. (Mean
development period and percentage adult emergence by Day 45 
were calculated from the data in Appendix 19.)
Table 7.3(a)
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figure is higher than the two results obtained for IITA on TVu 2027 
in the previous section (Table 7.2), but there is no significant 
difference among these values (Chi. sq. = 3.02). The Campinas 
strain again produced the smallest number of adults on the resistant 
variety (6 .389 )^. The percentage survival of the Yemen strain 
(3 6.17^) lay between that of the other strains, but was significantly 
lower on this occasion than in the previous experiment (Chi. square =
7 .3 7 , p<O.Ol).
In crosses between the IITA and Campinas strains the number of 
hybrids to emerge from the TVu 2027 variety lay between the number of 
emergences for these two pure strains (Table 7 .3 (a)), although the 
hybrid values (6I.7O and 65.91) are closer to that of the IITA strain. 
Crosses between the Yemen and Campinas strains produced as many 
hybrids from the TVu 2027 cowpeas as were produced by the pure Yemen 
strain (Table 7 .3 (b)). In both these cases, therefore, the percentage 
survival of hybrids on TVu 2027 is closer to that of the pure strain 
which achieved higher adult productivity on the resistant variety.
In crosses between the IITA and Yemen strains the number of hybrids 
to emerge from the TVu 2027 seeds was intermediate to the results of 
the two pure strains involved (Table 7 .3 (c)). The mean development 
periods of the hybrids, however, were shorter than those of either 
pure strain.
In all three tables of results, the values of Howe's"Index of 
Suitability" calculated for the hybrids are equal to those of the 
parental strain with the higher index value.
There was no evidence of sex-linkage in the inheritance of 
"tolerance" of TVu 2027 in any of the three strains.
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7.5
Infestation of TVu 2027 Cowpeas by Successive Generations of 
Bruchids Beared on the Resistant Variety.
Introduction
Insect populations subjected to new selection pressures which 
allow a certain proportion of the population to survive and reproduce, 
quickly adapt to the change in their environment. This ability has 
lead to the development in many pest species of populations resistant 
to specific insecticides or groups of insecticides (Brown and Pal, 
1971). Similarly, in response to the development of resistant host 
plant cultivars populations of insect pest species have arisen to 
which these new varieties are not resistant (Painter, I968 ; Hill,
1983 ; Pimentel et , 1984).
To examine the potential of £. maculatus strains to develop an 
increased ability to survive on the TVu 2027 variety, three successive 
generations of IITA and Yemen strain individuals were reared on the 
resistant cowpeas. The Campinas strain was not included in this 
experiment because insufficient numbers of larvae survived to adult 
emergence in any one generation.
Method
For the Yemen and IITA strains twenty tubes containing ten black­
eyed cowpeas and twenty tubes containing ten TVu 2027 cowpeas were set 
up. One male and one female, taken from stock cultures within 1 hour 
of emergence, were placed in each tube. After 24 hours the beetles 
were removed and the number of eggs on each seed reduced to one, by 
scraping off excess eggs with a scalpel blade. Each cowpea was then 
placed in a separate tube. Eighteen days later these tubes were 
examined and the failure of any eggs to hatch was noted.
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Once adult emergence commenced, the number of emergences was 
recorded daily. This was continued until 90 days after the 
oviposition of the eggs. Unmated adults were obtained during
this period by observing the tubes and removing beetles as they 
emerged from the seeds. One virgin male F^ adult from each parental 
pair was then mated with a virgin female of the same strain, which 
had developed on the same host variety but which was the progeny of 
different parents. This was done to reproduce the probable situation 
in a store, where beetles are unlikely to mate with siblings but 
would almost certainly mate with individuals emerging from the same 
host variety.
These mated pairs were placed in tubes containing ten covjpeas of ' 
the same host variety as that on which they developed, so that F^ 
females which had successfully completed development on TVu 202? seeds 
then laid their eggs on that variety. After 24 hours the beetles 
were removed and the number of eggs on each seed was reduced to one. 
Each cowpea was then placed in a separate tube. When the F^ 
individuals emerged the procedure was repeated and an F^ generation 
obtained.
The percentage survival, and mean and median development periods 
of each strain on the resistant and susceptible varieties were then 
calculated for the Fq_, F£ and F^ generations. The percentage of 
host seeds from which an adult had emerged by Day 45 (after oviposition) 
and values for Howe's "Index of Suitability" were also calculated.
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Results 
Ft Progeny
For both the Yemen and IITA strains, the percentage survival of 
first instar larvae to adult emergence was lower on the TVu 2027 
variety than on the commercial black-eyed cowpeas (Table 7.^ and 7.3).
The values for percentage survival of the two strains ($6.48^ and 
65«95^ for Yemen and IITA, respectively) do not differ significantly 
from those obtained in the experiment described in 7.2 (6 3.I6# and 
7 0.83% for Yemen and IITA, respectively). However, the Yemen result 
from this experiment is significantly higher than that obtained in the 
"Strain Crossing Experiment" described in Section 7.4 (Chi. Square =
6.23? 0 .03) and the IITA result from the present experiment is
significantly lower than that from the Strain Crossing Experiment 
(Chi. square = 6 .876, p<O.Ol).
Despite the fact that a greater number of IITA adults emerged, the 
values calculated for Howe’s index (O.O36 and O.O3I for Yemen and 
IITA, respectively) indicate that the TVu 2027 variety was more suitable 
as a host for the Yemen strain than for the IITA strain. This reflects 
the fact that the mean development period for the Yemen strain (48.12 
days) was markedly lower than that calculated for the IITA strain 
(39-37 days). The percentage of first instar'larvae which had 
emerged as adults by Day 43 was almost twice as high for the Yemen 
strain (32.12%) as for the IITA strain (17.30%).
F^ Progeny
For both the strains under investigation the percentage survival 
to adult emergence of F2 individuals on TVu 2027 was greater than that 
for the previous generation (Tables 7.4 and 7-3). This difference 
was significant for the Yemen strain (Chi. square = 3-53? p < O.O3) but
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^2 "3
Black
-eyed
TVu
2027
Black
-eyed
TVu
2027
Black
-eyed
TVu
2027
% Survival 
to Adult 
Emergence 
(S)
97.50 36.48 92.63 68.00 92 .30 79 .00
% Emergence 
by Day 43 97.30 32.12 92 .63 44.00 92 .30 3 9 .3 0
Mean 
Development 
Period(Days) 
(T)
28.14 48.12 27.33 44.11 26.42 40 .96
Median
Development
Period
(Days)
28 43 27 42 26 38
Howe’s 
Index 
(Log S/T)
0.071 0 .036 0.071 0.042 0 .0 7 4 0.046
Table 7-4 Results from three successive generations of the Yemen 
strain, bred on black-eyed or TVu 2027 cowpeas. Each 
cowpea was infested by only one insect. (Mean and
median development periods and percentage emergence by 
Day 43 were calculated from data in Appendix 2 0.)
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^2 "3
Black
-eyed
TVu
2027
Black
-eyed
TVu
2027
Black
-eyed
TVu
2027
°/o Survival 
to Adult 
Emergence 
(S)
93.30 63.93 90.30. 68.00 92.00 7 4 .3 0
% Emergence 
by Day 43 93.30 17.30 90 .30 16.30 92 .00 3 2 .0 0
Mean
Development
Period(Days)
(T)
29‘T14 39.37 2 7 .47 60.21 23 .79 31 .33
Median
Development
Period
(Days)
29 • 36 27 39 23 49
Howe’s 
Index 
(Log S/T)
0 .0 6 8 0.031 0.071 0 .0 3 0 0 .076 0 .0 3 6
Table 7-5 Results from three successive generations of the IITA 
strain, bred on black-eyed or TVu 2027 cowpeas. Each 
cowpea was infested by only one insect. (Mean and 
median development periods and percentage emergence by 
Day 43 were calculated from the data in Appendix 2 0.)
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not for the IITA strain (Chi. square = O.I8). The percentage 
emergence by Day 43 had also increased in the Yemen strain, whereas 
in the IITA strain it had remained virtually constant. This result 
was reflected in the mean development period of each strain on 
TVu 2027 variety. This had decreased for the Yemen strain in 
comparison with the previous generation, but was again unaltered in 
the IITA strain.
The combined effect of these results was to cause an increase in 
Howe’s index for the Yemen strain on TVu 2027, but no increase in 
this parameter for the IITA strain.
Fj Progeny
The percentage survival of both Yemen and IITA F^ progeny on 
TVu 2027 was greater than that for the previous generation (Tables 7.4 
and 7.3). Again, this difference was significant for the Yemen strain 
(Chi. square = 6.21, p < O.O3) but not for the IITA strain (Chi. square =
2 .06). For both the Yemen and IITA strains developing on TVu 2027, 
mean development period decreased and the percentage emergence by 
Day 43 increased. These changes in percentage survival and develop­
ment period produced higher values of Howe’s index for both strains, 
in comparison with the previous generation.
Over three successive generations, percentage survival of the 
Yemen strain on TVu 2027 increased by 22.32%. The percentage 
survival of the IITA strain also increased (by 8.3%) but this 
difference between the first and third generations was not significant 
(Chi. square = 3-374). In both strains the percentage emergence by 
Day 43 increased at a greater rate than the percentage survival over 
the complete emergence period. This change in percentage emergence by 
Day 43 is reflected in the mean development period of individuals
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surviving on TVu 2027 which decreased by 7-8 days in both strains, 
over the three generations. These results suggest that the increase 
in total percentage survival on TVu 2027 is largely a result of an 
increase in survival of adults with a relatively fast rate of develop­
ment on the resistant seeds.
It should be noted, however, that mean development period also 
decreased for individuals developing on black-eyed cowpeas. This may 
be a result of selecting those individuals emerging first in one 
generation as parents for the next generation (assuming that duration 
of development is a heritable characteristic).
The selection of individuals with relatively short development 
periods was carried out with adults emerging from both black-eyed and 
TVu 2027 cowpeas, but was more necessary among those insects emerging 
from TVu 2027 because of the difference in emergence patterns between 
IITA and Yemen strains (Fig. 7-1) and the smaller total number of 
adult emergences which could be expected. The less marked decrease 
in development period on the susceptible cowpeas probably reflects 
the much smaller variation in this parameter among individuals 
developing on those seeds, in comparison to those on TVu 2027-
This general decrease in development period caused the value of 
Howe's index for the Yemen and IITA strains to increase on both the 
susceptible and resistant cowpeas. The greater increase in percent­
age survival of the Yemen strain on the TVu 2027 caused values of 
Howe's index to increase more for the Yemen strain (O.O36 - 0.046) 
than for the IITA strain (O.O3I - O.O36).
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There was no difference between the mean and median development 
periods of either strain developing on the black-eyed cowpeas. 
However, for both strains developing on the TVu 2027 variety, the 
median development period was consistently lower than the mean 
development period, reflecting the skewed pattern of emergence noted 
previously.
DISCUSSION
The results presented in this chapter confirm that TVu 2027 
exhibits resistance to attack by C. maculatus. The results also 
confirm previous findings (Redden et al., I983) that TVu 2027 is 
more susceptible to attack by beetles of the IITA strain than it is 
to attack by the Campinas strain. Redden eb (1983) obtained 
values of 4l% and 11% adult emergence by Day 43 for the IITA eind 
Campinas strains respectively. These results compare with values 
ranging from 17-3% to 30.0% for the IITA strain and 2.1% to 7.6% for 
the Campinas strain, obtained from the experiments described in this 
chapter.
TVu 2027 seeds are also resistant to the Yemen strain, but 
whether the TVu 2027 variety is more or less susceptible to the 
Yemen strain than the IITA strain depends on the criteria employed 
to assess the level of resistance. The choice of criteria is there­
fore an important factor in determining the level of resistance 
attributed to a host-plant variety.
Dobie (1984) states that in order to reduce the rate at which an 
insect pest of stored crops will multiply, a resistant crop variety 
must cause a reduction in the rate of egg laying and/or extend the 
development period and/or cause increased mortality of the developing 
insects. As there is no evidence that egg laying by C_. maculatus
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is reduced on TVu 2027 in a no choice situation, or that first instar 
larvae are unable to penetrate the testa (Gatehouse at al., 1979), 
the assessment of bruchid resistance in this cowpea variety involves 
the measurement of the percentage survival of first instar larvae to 
adult emergence and the duration of development from oviposition to 
adult emergence.
Previous measures of percentage survival on TVu 2027 have been 
carried out at an initial larval density of approximately six per 
seed (Redden e;t al., I983). The use of seeds infested by more than 
one individual, however, prevents the total percentage survival from 
being determined because the experiment must be terminated before the 
emergence of F-j_ individuals is complete, to avoid recording the emerg­
ence of any F^ adults. Consequently, at larval densities greater 
than one per seed, percentage survival can only be measured over a 
certain time period after oviposition. At TDRI, cowpea screening 
experiments were usually terminated after 43 days, whereas at IITA 
the termination time ranged from 42 to 30 days depending on the 
temperature during development (Redden et , I983).
The percentage emergence by Day 43 is a more practical measure 
of resistance than the total number of larvae surviving to adult 
emergence, as the duration of the assessment period is reduced by half. 
However, it is also a less sensitive measure (Redden and McGuire, I983). 
The data presented in Tables 7.4 and 7.3 show how for the IITA and 
Yemen strains the percentage emergence of Fq adults by Day 43 (32.12% 
and 1 7.30%, respectively) suggest that more Yemen than IITA individuals 
survive on TVu 2027. The values for total percentage survival, 
however, calculated using the complete emergence pattern data 
indicate that more IITA adults (63.93%) than Yemen adults (36.48%) 
will eventually emerge from the resistant seeds.
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If the level of resistance attributed to TVu 202? cowpeas is 
assessed using "percentage survival" as the sole criterion then it 
will be markedly influenced by the level of infestation in the 
experimental seeds. The experiment described in Section 7 .1  
demonstrates that at larval densities of approximately twelve per 
seed, the TVu 2027 seeds appear to be as susceptible to attack by the 
Yemen strain as Californian black-eyed cowpeas. However, the 
percentage survival of Yemen individuals on TVu 2027 measured at a 
density of one larva per seed ranged from 3 6.17% to 36.84^, compared 
to an average of approximately 98% on the susceptible cowpeas.
The results of experiments described in Chapter 4 (Figs 4.1 and
4.6) indicate that even at larval densities ranging from one to six 
per seed, the percentage survival of £. maculatus will be affected by 
the level of infestation at which it is assessed. There is thus a 
need for the number of eggs per seed used in each resistance test to 
be standardised. The difference in mortality during development 
among the three strains of £. maculatus under investigation, even at 
a density of approximately two larvae per seed (Fig. 4.6) suggests 
that percentage survival must be measured at a larval density of one 
per seed, if mortality as a result of competition is not to influence 
the results.
At TDRI, cowpea screening experiments were conducted at egg 
densities of approximately six per seed which were obtained by placing 
females of known age on specific numbers of seeds for a standard time 
period. Although removing excess eggs to leave a single egg on the 
surface of each seed is much more time consuming than the above method, 
it will provide more accurate and reliable data.
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Recording the development period of each individual emerging from 
TVu 2027 seeds is also time consuming. However, if the complete 
emergence pattern data is used, then the mean number of days to 
emergence provides a very sensitive indicator of resistance in 
TVu 2027 (Redden, I983). The median development period can also be 
used to assess resistance (Dobie, 1974 ; Redden et al., I983). The 
mean and median values will be approximately equal when the emergence 
curve of £. maculatus approaches a "normal" configuration, as is the 
case when _the IITA or Campinas strains are emerging from black-eyed 
cowpeas (Fig. 4.9). However, the emergence curve of the Yemen strain 
in particular, on TVu 2027, is skewed (Fig. 7 .I) owing to the emergence 
of a small number of adults with much longer than average development 
periods. Such individuals have a greater effect on the mean develop­
ment period than on the median and thus the median figures for the 
susceptible and resistant cowpea varieties differ less than the means 
(Table 7.4 and 7.3).
Howe (1933) states that population increase is influenced most by 
those individuals that are among the first to emerge and mate, in any 
particular generation. As the median value for development period of 
the Yemen and IITA strains on TVu 2027 gives a better indication than 
the mean of when the greatest number of eggs will be laid by F^ females, 
the median may be of more value when considering the growth of the 
population over several generations.
The mean development period was preferred in the presentation of 
the results in this chapter as its calculation was a necessary step in 
the computation of Howe’s index of "Suitability for Development".
This index allows the suitability of experimental laboratory environ­
ments for insect development to be compared. It involves the use of
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the two most sensitive criteria employed in the assessment of 
resistance - total percentage survival and mean development period - 
and is perhaps of greatest value when these two parameters provide 
contradictory results.
The results presented in Table 7.2 and Tables 7.4 and 7 .3 (F^ 
generation) show that the total percentage survival to adult 
emergence is lower in the Yemen strain than in the IITA strain. 
However, the mean development period is shorter for Yemen individuals 
than IITA individuals. The use of Howe's statistic allows these two 
results to be combined. The resulting index values indicate that 
TVu 2027 is more susceptible to attack by the Yemen strain than by 
the IITA strain.
In general the values of Howe's index obtained for the resistant 
variety (0.029 - 0.046) were approximately half those obtained for the 
susceptible cowpeas (0.068 - 0.079). The values for the three 
strains on black-eyed cowpeas agree with those obtained by Giga and 
Smith (1983). For two strains of £. maculatus (Campinas and Malawi), 
both bred at two experimental temperatures (23°G and 30°C), these 
authors calculated Howe's index using natural logarithms and obtained 
values ranging from O .16 to O.1 8. When common logs are used instead 
of natural logs, (as above) these figures convert to values ranging 
from 0 .069 to 0 .077 - very similar to those calculated from the data 
presented here.
The most accurate measure of the suitability of a material for 
insect development is the "intrinsic rate of population increase (r)" 
(Dobie, 1982). However, the calculation of this parameter (see 
Appendix 21) involves the construction of age specific life and 
fecundity tables and assumes that the population being examined has
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a stable age distribution (Southwood, 1978). As bruchid populations 
do not achieve a stable age distribution in short-term laboratory 
experiments, £  has not been used in the assessment of resistance in 
TVu 2027. In. practice it is too laborious to measure the natural 
rate of increase over two or more bruchid generations, especially for 
many seed samples (Redden and McGuire, I983). Even the use of 
equations which allow the rate of population growth to be estimated 
from the results of a single generation (Howe, 1953; Bellows, I982) 
(see Appendix 21) is not appropriate for the routine screening of 
multiple seed accessions.
Redden and McGuire (I983) examined several other methods of 
assessing bruchid resistance in TVu 2027 and its hybrid progeny.
They found that some rapidly obtainable values such as the percentage 
of undamaged seed and the mean number of emergence holes per seed 
showed a significant positive correlation with more sensitive indices, 
such as mean development period. Other measures, such as percentage 
weight loss of seed, were dependent on the number of eggs per seed and 
the number of seeds in the test sample and are thus of limited useful­
ness as indices of genetic resistance.
The Campinas strain consistently suffered the highest level of 
mortality on TVu 2027 cowpeas. The first instar larvae of this 
strain are able to penetrate the testa of the resistant seeds. This 
may indicate that none of the ohemical factors which confer bruchid 
resistance on TVu 2027 are present in the seed-coat. It seems likely 
however, that £. maculatus, like £. chinensis, will chew off but not 
ingest particles of testa as it enters a host seed (Southgate, 1984) 
and will therefore be unaffected by any toxin or antimetabolite 
located in the seed-coat.
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Gatehouse e£ (1979) reported that when TVu 2027 seeds were
dissected at a stage when adults were emerging from the seeds of 
susceptible black-eyed cowpeas, living early instar larvae were 
found inside. The radiographic studies presented in this chapter 
(Section 7.3) produced similar findings. Some Campinas larvae lived 
long enough to excavate long tunnels, but their size did not increase 
and very few of these larvae survived to emerge as adults. These 
results suggest that larval mortality is caused by slow starvation. 
Gatehouse ^  al. (1979), postulated that this is a result of the 
antimetabolic activity of cowpea trypsin inhibitor (CPTI) which 
directly inhibits larval proteolysis and thus prevents the insect 
from utilising the proteins contained in the seed.
Strong evidence is provided by Gatehouse et al. (1979) and 
Gatehouse and Boulter (1963) for the key role of CPTI in the 
expression of bruchid resistance in the TVu 2027 variety. However, 
Redden et al.(1983) reported that among crosses between TVu 2027 and 
other cowpea varieties the level of trypsin inhibitor in the hybrid 
progeny and expression of bruchid resistance are uncorrelated in ^2 
segregation. This suggests that the expression of bruchid resistance 
in TVu 2027 is more complex than originally considered and may 
involve factors, in addition to CPTI, which are so far undetected.
Certainly the concentration of trypsin inhibitor within legume 
seeds is, in itself, of little value in predicting their susceptibility 
to attack by £. maculatus, as trypsin inhibitors from different sources 
show marked species specificity in their inhibitory activity against 
trypsin-like enzymes (Laskowski and Sealock, 1971). Janzen et al. 
(1977) showed that non-cowpea trypsin inhibitors added to cowpea meal 
had no antimetabolic effect on £. maculatus. Similarly, Gatehouse and 
Boulter (1983) found that trypsin inhibitors extracted from soya beans
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and lima beans (Phaseolus lunatus L.) were significantly less 
antimetabolic towards £. maculatus than CPTI.
Birch, Southgate and Fellows (in press) assayed large numbers 
of wild Vigna and Phaseolus species for trypsin inhibitor and 
phytohaemagglutinin content. A correlation analysis failed to find 
any significant association between levels of either of these classes 
of compound and observed seed resistance to £. maculatus and £. 
chinensis. Furthemore, several wild Vigna and Phaseolus species 
with high seed trypsin inhibitor activity were susceptible to attack 
by Callosobruchus species. A greater understanding of the role of 
trypsin inhibitors and other secondary compounds is necessary, there­
fore, before chemical screening of legume seeds can be used to help 
identify possible sources of bruchid resistance.
Redden e£ al. (1983) stated that the expression of resistance in 
the TVu 2027 is mainly determined by the maternal genotype and that 
resistance may be inherited as a major gene effect, with resistance 
recessive. Whatever the exact nature of its genetic control, the 
results presented in this chapter indicate that considerable seed-to- 
seed variability exists in the expression of resistance to £. maculatus 
in TVu 2027. Redden _et (1983) have shown that trypsin inhibitors
are quantitatively inherited. It may be, therefore, that the levels 
of CPTI vary among seeds from different parent plants.
In a similar manner, the ability of £. maculatus to tolerate the 
antimetabolites or toxins present in the resistant seeds varies among 
individual insects, possibly as a result of variability in their 
levels of gut enzyme activity. This variability among both the 
insects and the cowpeas, along with differences in the numbers of seeds 
and parental insects used, may explain the fluctuations in percentage
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survival of the Yemen and IITA strains which occurred between some 
of the experiments.
Assuming a genetic basis for this variation in the "ability to 
survive" on TVu 2027, then the results presented here indicate that 
the proportion of the beetle population possessing genes which confer 
this ability differs among the three strains of £. maculatus under 
investigation. That the proportion of "tolerant" individuals in the 
population can be increased by selection pressure has been demonstrated 
experimentally (Section 7.3). The results presented in Table 7.4 and 
7 .3 also indicate that the rate at which selection will increase the 
number of tolerant individuals in the population varies among strains.
The proportion of tolerant individuals in one strain (e.g. Campinas) 
can be increased by inter-breeding with another strain in which a 
higher proportion of the population can survive on TVu 2027 (e.g. IITA). 
The results of the strain-crossing experiment (Table 7.3) also 
indicate that the percentage survival of the hybrid population is 
likely to equal, or at least approach, the values obtained for the 
more tolerant parental strain. The exchange of genetic material 
among strains of £. maculatus therefore has serious implications for 
the effectiveness of bruchid resistant cowpea, cultivars which derive 
their resistant properties from TVu 2027.
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CHAPTER 8 
GENERAL DISCUSSION
Reliable studies indicate that post-harvest losses of major 
food commodities in the developing world are enormous. In 1976 
the estimated losses of legumes and cereals would have provided l68 
million people with their minimum annual requirement of calories 
(Robinson, I983). With the increase in pressure on the world’s food 
supplies, the maximum utilisation of available food resources has 
become essential. The passing of a United Nations resolution in 1973, 
advising that in developing countries food conservation measures 
should receive priority over schemes for increasing food production 
with the aim of achieving a 30% reduction in losses by 1983, has 
granted belated recognition to the importance of post-harvest crop 
losses (Harris and Lindblad, 1978).
Insect pests are among the primary causes of deterioration of 
stored crops. They present the greatest problem in areas of the 
tropics where the climate is favourable for insect development through­
out the year and there are no seasonal factors such as low winter 
temperatures to inhibit the growth of pest populations. The storage 
environment itself provides an additional measure of stability and 
without some form of control, pest populations will rapidly build up 
to economically important levels. Not only are these insect pests 
destructive in their own right, but they also spread bacteria and 
fungi which escalate the deterioration of the produce. Improved 
control of post-harvest insect pests is of great importance-, therefore, 
if a major reduction of storage losses in the tropics is to be achieved.
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The use of crop varieties resistant to insect attack is the 
best way of reducing insect pest populations in situations where 
the use of insecticide is impractical, undesirable or inefficient 
(Knipling, 1979). However, until recently, little effort had been 
expended on selecting crop varieties that are resistant to post­
harvest insect pests (Dobie, 1982). In fact, many modern high 
yielding varieties are more susceptible to pest attack during storage 
than the indigenous varieties traditionally grown by small-scale 
farmers (Dobie, 1984),
In order to produce new crop varieties resistant to storage 
pests it will be necessary to develop an increased understanding 
of the biology of those insect species which cause damage. There 
'is now a considerable body of literature describing both laboratory 
and "field" studies of the biology of the main post-harvest pests. 
Labeyrie (1969) stated, however, that widespread insect species have 
no standard biological or ecological characteristics which can be 
used to make generalisations regarding their relationships with host 
plants. He considers that most authors have treated these pests as 
if they were "immobile and incapable of evolution" and have largely 
overlooked the existence of geographical variation and polymorphism 
in pest populations.
Geographical variation within species has been recorded in many 
insects (Endler, 1977). Among post-harvest pests, variation in the 
response of different populations of a species to insecticide treat­
ment is well documented (Champ and Dyte, 1976). Laboratory studies 
have also revealed the existence of geographical variation in bionomie 
characteristics of certain storage pests including the rice weevil 
Sitophilus oryzae L. (Satomi, I960 ; Kiritani, I963 ; Soderstrom and 
Wilbur, 1966), the warehouse moths Ephestia cautella Walker (Burgesand
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Haskins, 1963), Corcyra cephalonica Stainton (Cox ^  a2 , I981) and 
Plodia interpiinctella Hubn. (Prevett, 1971), and bruchid species 
such as Acanthoscelides obtectus (Huignard and Biemont, 1978) and 
Callosobruchus chinensis (Applebaum ^  I968). For each of
these species, however, only a small number of strains have been 
studied and the cause and extent of the variation are unknown.
Geographical variation among populations of the same species 
may arise when that species occupies a spatially heterogeneous 
environment and groups of individuals are therefore subjected to 
different selection pressures. Chance fluctuations in allele 
frequency within isolated groups of individuals, termed "genetic 
drift", can also result in genetic divergence among populations.
A third cause of geographical variation is the extension of a species 
range by the movement of a small number of emigrants into a new 
habitat. The change in the gene-pool which accompanies such an 
event is known as the "Founder effect".
All three of the evolutionary processes outlined here result 
in changes in allele frequencies within individual populations of a 
species, which can in turn result in the phenotype of the animal 
becoming locally modified (Hartl, I98O).
One or more of these processes may have occurred in 
Callosobruchus maculatus. Certainly the species is now very wide­
spread and occupies an environment which exhibits considerable 
heterogeneity with respect to its biological, physical and chemical 
characteristics. C. maculatus occurs in varied climatic and 
ecological conditions. It attacks several different legume species, 
which are grown within varied agricultural systems in association 
with many other crops (Smartt, 1976). It infests harvested seeds
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which vary in size, chemical content, moisture content, and hardness 
and texture of their seed-coat - depending on host species, variety 
and storage conditions (Labeyre, I981). The physical environment 
of food stores also varies with their design (Ward and Calverley, 
1972). Populations of C_. maculatus may also be subjected to a 
variety of different chemical control measures (Centre for Overseas 
Pest Research, I981).
Under tropical conditions, £. maculatus individuals have a short 
development period and populations exhibit rapid growth. As a 
consequence, any new genotype which emerges conferring a selective 
advantage in a limited environment will quickly become established 
and the allele frequencies within the local gene-pool will change 
accordingly. When these facts are considered, it is not surprising 
that strain differences exist in £. maculatus and in similar 
cosmopolitan insect species.
In the early chapters of this thesis a number of factors which 
affect the bionomie characteristics of £. maculatus were discussed. 
These included the physical characteristics of the environment, such 
as temperature and humidity, as well as biological characteristics 
such as population density. It was postulated that in addition to 
these factors, geographical variation among strains of the insect may 
have contributed to the diversity of results obtained in attempts to 
measure such basic parameters as fecundity (Table l.l). The results 
presented in Chapter 4 demonstrate the potential importance of 
geographical variation in this context.
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It has been shown here that under given environmental conditions 
of temperature and humidity, and in the absence of a food source for 
adult beetles, the number of eggs which a C_. maculatus female will 
lay depends largely on the number of suitable oviposition sites 
available to her. However, standardising the number of cowpeas 
available to each female, or the number of adults on a given number 
of seeds, is unlikely to provide a figure for egg production which 
can be accepted as typical of the species as a whole. In the 
experiments described here females of all three strains laid approx­
imately 80 eggs if given access to 40 cowpeas each. However, if 
each female had access to only a limited number of seeds (e.g. one 
cowpea per female) then IITA females would still lay approximately 80 
eggs, but females of the other two strains would only lay 40 eggs 
(Fig. 4.1).
Adult production of £. maculatus females was influenced to a 
greater, extent than egg production by the number of host seeds 
available to each female. Standardising the number of cowpeas 
available to each female or the density of adults on a sample of 
seeds is again unlikely to provide a consistent result for the 
species as a whole. When females of each strain were provided with 
between one and forty cowpeas on which to lay, the Yemen strain 
achieved, at best, half the adult productivity of the other two 
strains (Fig. 4.4).
These results demonstrate that even the use of comparable 
environmental conditions and standardised experimental procedures is 
unlikely to produce values for important biological parameters of 
£. maculatus which can be assumed to be typical of the species.
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It could be argued that the strain differences demonstrated here 
are a result of breeding from a few individuals, which were atypical 
of the C. maculatus population where each strain was collected. 
Alternatively the strain differences may somehow be a response to 
laboratory culturing. Culturing methods can affect certain density 
dependent characteristics, such as size of progeny (Champ and Dyte, 
1976). However, the heritability of strain characteristics, such as 
the greater individual size and lower adult productivity of the 
Yemen strain and the stability of their different strategies, suggest 
that the differences found in the laboratory reflect genuine 
differences among the "field" populations of £. maculatus.
The practical importance of such geographical variation is 
difficult to evaluate. The evolution.of increased diversity in à 
species gene-pool can allow it to extend both its* geographical range 
and its range of suitable host plants. Recent examples of this 
phenomenon include the spread of Zabrotes subfasciatus, a New World 
pest of haricot beans, onto cowpeas in Uganda (Davies, 1972) and the 
development of a strain of the rice weevil Sitophilus oryzae which 
breeds successfully on split-peas (Pisum sativum L.), reported by 
Thind and Muggleton (I981).
The practical importance of the differences among strains of 
£. maculatus described in the preceding chapters will depend on a 
variety of socioeconomic factors, such as the availability of 
insecticide to protect"the stored crop. The criteria used to assess 
the importance of bruchid damage to cowpea stocks may themselves 
affect the importance of strain differences in £. maculatus. These
criteria vary,both between subsistence and "cash crop" farmers, and
among farmers, traders and the consumer.
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For subsistence farmers who grow the bulk of their crops simply
as food for themselves and their families, the severity of an insect
infestation will be judged largely in .quantitative terms, i.e. on the 
amount of weight loss caused while his crop is in storage (National 
Academy of Sciences, 1978). Individual £. maculatus larvae of the 
Yemen strain consume about 10% of a cowpea when developing at a 
density of one per seed. This is twice as much as the IITA and 
Campinas strains and twice the figure for consumption by £. maculatus 
individuals calculated by Booker (1967). At the low levels of 
infestation which are generally present when a cowpea crop has just 
been harvested, i.e. an average of well below one larvae per seed 
(Booker, I967), the Yemen strain will cause greater damage to cowpea
stocks in terms of weight loss.
As discussed in Chapter 3, at low levels of infestation the 
Yemen strain would also cause a greater reduction in the germination 
potential of cowpea seed stored for planting. For small-scale 
farmers the Yemen strain of £. maculatus will therefore be a more 
serious pest of cowpeas than the IITA or Campinas strains, until the 
crop has been in storage for two or three months.
This situation will be reversed when individual cowpeas become 
infested by several larvae, as may occur toward the end of the storage 
season. The IITA and Campinas strains would then increase in numbers 
more rapidly than the Yemen strain, and would eventually cause a 
greater amount of weight loss. The maximum level of weight loss 
caused by the Yemen strain to individual seeds was 30% - only half 
that caused by either of the two smaller strains (Fig. 3.6). This 
difference is, however, unlikely to be of practical importance as the 
levels of infestation required to produce maximum amounts of damage 
are such that cowpea stocks infested to this extent would be considered
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unfit for human consumption.
If a cowpea crop is grown for sale, the severity of insect 
infestation will be judged by the likely loss of revenue, rather 
than the physical weight loss. The reduction in the commercial value 
of the crop will depend on the system of marketing standards in 
operation. One of the main criteria used to assess the quality and 
value of cowpea stocks is the number of bruchid emergence holes 
present (Dobie, pers. comm.). When infestation reaches serious 
levels (e.g. more than five eggs per seed) fewer Yemen adults than 
IITA or Campinas adults will emerge from each cowpea. A crop 
attacked by the Yemen strain would thus suffer a smaller reduction 
in economic value than a crop attacked by either of the other two 
strains.
A farmer or store manager may also use the number of emergence 
holes in a sample of cowpeas to assess the level of damage to the 
crop and to determine when insecticide treatment becomes necessary 
(Harris and Lindblad, 1978). However, as the amount of cowpea 
consumed by individual larvae varies markedly among strains of
C. maculatus (Table 3-3) the number of emergence holes in a sample of 
seed will not provide an accurate measure of the weight loss suffered 
by the stored crop.
The efficacy of chemical control measures themselves can be 
affected by variation among strains of post-harvest insect pests 
(Champ and Dyte, 1976). The relative size, both of individual 
insects and of one strain in comparison with another, has been shown 
to influence the response of stored product beetles to insecticide 
(Busvine, 1971 ; Rajak and Hewlett, 1971). Thus, the greater size of 
the Yemen strain may require that each individual receives a larger 
dose of insecticide in order to achieve a satisfactory level of control.
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Differences may also exist among strains of £. maculatus in the 
behavioural and physiological characteristics which influence pick­
up, absorption and metabolism of insecticide and therefore in turn 
influence the success of chemical control measures.
The rate at which resistance to insecticide will evolve and 
the form that this resistance will take can also vary within a species 
as a result of genotypic differences among locally adapted strains 
(World Health Organisation, I963).
The results presented in Chapter 7 demonstrate the potential 
importance of geographical variation in £. maculatus to the. value of 
bruchid-resistant cowpea lines being developed at IITA. The three 
strains examined here exhibited a high degree of variability in their 
ability to survive on the resistant variety TVu 2027. However, •
TVu 2027 is a low yielding variety, extremely susceptible to certain 
viral diseases and is therefore unsuitable for widespread distribution 
(IITA, 1983). To utilise its bruchid-resistant properties, plant 
breeders at IITA crossed TVu 2027 with a number of varieties possessing 
more desirable agronomic characteristics. The most promising of 
these hybrids was crossed again to produce a cultivar, IT 82D-716, 
which combines resistance to several of the major viral diseases with 
resistance to both bruchids and thrips (a pest of the growing plant) 
(IITA, 1984).
IT 82D-716 is currently being assessed in multi-national trials.
As TVu 2027 is the sole genetic source of bruchid resistance in 
IT 82D-716, it is reasonable to assume that a similar degree of 
variability will exist in the response of £. maculatus strains to this 
new cultivar. The value to farmers of this cultivar, in terms of
206,
reduced post-harvest losses, will therefore be similarly dependent, 
at least in part, on the characteristics of the local population of 
C_. maculatus.
At the levels of infestation which commonly occur in rural 
stores, the rate of population growth in all three strains of 
_C. maculatus studied here will be slower on stocks of TVu 2027 than 
on commercial varieties. The degree of reduction in growth rate will, 
however, vary markedly among the three strains (Table 7.2). If large 
numbers of eggs are laid on each seed, the difference among the strains 
in terms of adult production will be even greater. At high levels of 
infestation the number of Yemen adults emerging from TVu 2027 seeds 
matched the number emerging from the susceptible cowpeas (Table 7.1).
In contrast, the number of Campinas adults emerging from TVu 2027 at 
these levels of infestation only equalled a small percentage of the 
numbers emerging from the black-eyed cowpeas.
Fortunately, such high levels of infestation (more than ten eggs 
per seed) are unlikely to build up on resistant cowpea varieties unless 
substantial numbers of adults, migrating from high density sources of 
infestation nearby, can reach the crop either in the field or in 
storage.
The relationship between insect pests and their plant hosts is 
dynamic. Thus, in the same way as insect strains can develop 
resistance to insecticides, they can also adapt to the introduction 
of resistant host-plant varieties (Painter, 1968 ; Nielsen _et 1970; 
Pimentel et a£, 1984). In the laboratory the percentage of both 
Yemen and IITA individuals which could survive on TVu 2027 increased 
when populations of the two strains were bred on the resistant seeds
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for three successive generations. The mean development period also 
decreased with selection. In the rural storage situation, however, 
the rate at which populations of £. maculatus become tolerant of 
resistant cowpea cultivars and the effect of this on losses, will be 
influenced by factors which did not operate in the laboratory.
The most important of these factors is the rate of immigration 
o f 'Susceptible" insects (i.e those which have not developed on 
resistant seeds) into the population infesting the resistant cowpea 
stocks (Knipling, 1979). This in turn will depend on the degree 
to which the population of £. maculatus in each store, or group of 
stores, is isolated and the availability nearby of susceptible cowpea 
stocks on which the beetle population can multiply.
The influence of these "susceptible" immigrants on the develop­
ment of tolerance within a local £. maculatus population will be 
affected by the nature of inheritance of genes conferring tolerance. 
The comparative "fitness" (defined as the number of offspring produced 
by individuals of a particular genotype (Hartl, I98O)) of tolerant and 
susceptible individuals may also influence the rate at which genes 
conferring tolerance spread through the population.
Changes in fitness of storage pests associated with insecticide 
resistance have been well documented (Champ and Dyte, 1976). Most 
frequently, a decrease in fecundity has been recorded in association 
with an increase in the tolerance of an insecticide by a pest 
population (Shaw and Lloyd, 1969 ; Brower, 1974). £. maculatus
females which had developed successfully on TVu 2027 cowpeas laid 
an equal number of fertile eggs to those females which had developed 
on black-eyed cowpeas (Table 7.1). Nevertheless, the possibility 
exists that the individuals which have developed on the resistant
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variety will differ from those which have developed on the susceptible 
cowpeas in some way which affects their degree of adaptation to the 
environment.
Labeyrie (I981) postulates that the introduction of crop 
varieties with enhanced resistance will only accelerate the 
evolutionary process whereby insect pests evolve adaptive mechanisms 
to counter resistance in the host plant. For this reason, the use 
of resistant crop varieties will not guarantee long-term reductions 
in the level of post-harvest losses.
The evolution of pest populations which are tolerant of new 
resistant crop varieties may result in a more serious loss of control 
than the development of insect strains resistant to a specific insecti­
cide. Resistance to an insecticide can often be over-come, in the 
short-term, by increasing the dosage or by using another type of 
chemical, with a different mode of action. The use of resistant crop 
varieties does not allow as flexible a response, when insect strains 
develop which are capable of overcoming the host-plant resistance.
There is, therefore, a need for plant-breeders to develop and maintain 
broad-based resistance in their breeding programmes.
Other potentially valuable sources of cowpea bruchid resistance 
are being investigated. Akingbohungbe'(1976) and Fatunla and Badaru 
(1983a, 1983b) have reported the existence of cowpea varieties with 
abnormally thick pods which are comparatively resistant to cowpea 
attack. Cowpea pods provide a certain measure of protection for the 
seeds both while the crop is in the field and once it is stored, prior 
to threshing. Thus, the incorporation of the genes for greater pod 
thickness into the genotype of IT 82D-716 would provide a source of 
resistance to complement the biochemical resistance of this cultivar.
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which essentially acts to reduce the rate of increase of C_. maculatus 
populations on threshed seeds.
Progress is also being made by plant-breeders in their efforts 
to hybridise closely related legume species and this could enable 
sources of bruchid resistance in wild Vigna species to be incorporated 
into domestic species (Machado afc al, I982).
As polygenic resistance is seldom overcome by pest populations 
(Pimentel ^  al, 1984), cowpea varieties with multiple component 
resistance will have a longer useful life-span than those with single 
factor resistance. In addition, the susceptibility of varieties 
with multiple resistance to bruchid attack is less likely to be 
affected by geographical variation in £. maculatus.
Despite the establishment of quarantine inspection departments 
in most countries, the transportation of infested commodities by 
national and international trade still occurs, as demonstrated by the 
recent arrival in several African countries of Prostephanus truncatus 
(Horn), a pest of stored maize previously confined to Latin America 
(Hodges et I983). Not only does the movement of pest species and
populations cause control problems in its own right, but it can also 
exacerbate the problem of insecticide resistance by allowing the 
transfer of genes from resistant to susceptible pest populations. 
Similar genetic exchange among strains of £. maculatus with widely 
differing abilities to survive on TVu 202? could reduce the value of 
IT 82D-716 in a particular locality. The extent to which this occurs 
is likely to depend on the degree to which populations of C_. maculatus 
are isolated from each other both geographically and genetically.
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The work described in this thesis has concentrated primarily 
on geographical variation in the insect pest. However, the host 
plant is also responsive to heterogeneity in its environment. Dobie 
(unpublished data) has noted that the level of resistance to bruchid 
attack found in TVu 202? varies among seeds of this variety grown 
in different geographical areas. Samples of seed produced in Upper 
Volta were less resistant to the IITA strain of £. maculatus than 
seed grown at Ibadan in Nigeria. This suggests that the expression 
of resistance in the cowpea phenotype may be affected by environmental 
factors such as climate and soil type.
Bradshaw (1972) stated that the chemical content of legumes and 
cereals varies with ecological conditions. Bressani and Elias (198O) 
noted that "the environment affects the protein and sulphur amino acid 
content" of grain legumes. Of more specific importance, Croy 
(unpublished data cited in Boulter, I98O) stated that the trypsin 
inhibitor content of legumes is reduced in sulphur deficient soils.
The availability of sulphur to the parent plant may therefore influence 
the expression of bruchid resistance in the seed.
Gatehouse and Boulter (I983) have demonstrated that the survival 
of C_. maculatus on semi-artificial diets (pelleted meal) prepared from 
TVu 2027 cowpeas can be increased by supplementation of the meal with 
the limiting sulphur amino acids cysteine and methionine. Legumes in 
general are deficient in these amino acids (Bliss, I98O), although 
trypsin inhibitors themselves have a high sulphur amino acid content. 
Gatehouse and Boulter postulated that elevated levels of trypsin 
inhibitor in TVu 2027 confer resistance to £. maculatus in two ways ; 
first it reduces availability of necessary sulphur amino acids by 
inhibiting the proteases of the insect, so preventing protein digestion 
and secondly, it sequesters sulphur amino acids in an indigestible form.
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since the inhibitor is very resistant to digestion even by those 
proteases it does not inhibit.
The effect of variation in the availability of sulphur to 
growing cowpea plants on the expression of bruchid resistance in the 
mature seeds requires detailed investigation.
The task of developing host-plant resistance to post-harvest pests 
in crops such as maize, which can support a number of pest species 
(Markham, 1981) is made more complex by the fact that resistance to 
one species can confer increased susceptibility to another pest (van 
Emden, 1974). In comparison, the development of cowpea varieties less 
susceptible to storage pests may be simpler - in any particular area 
one species of bruchid predominates as the main pest- of stored cowpeas 
and all the important post-harvest pests of cowpea belong to the genus 
Callosobruchus. The potential for significant loss reduction does not, 
therefore, require a new cowpea cultivar to possess genes conferring 
resistance to different insect groups.
However, the simplicity of the pest complex attacking cowpeas 
does not guarantee that the impact of the new cowpea lines developed at 
IITA will be consistent in all the areas where this legume is cultivated. 
In addition to the variation in £. maculatus demonstrated in this 
thesis, the environmental variability of plant resistance may render 
these varieties susceptible to attack by £. maculatus in certain areas. 
Furthermore,the species specificity of trypsin inhibitors, involved 
in the expression of resistance to C_. maculatus in TVu 2027 and its 
hybrid progeny, may allow other Callosobruchus species to attack these 
new cultivars.
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If the resistant cowpea lines developed at IITA are successful 
in large-scale trials then seed from these varieties may be distributed 
to areas which vary greatly, in ecological terms, from those areas 
where they were selected and harvested. The factors which affect 
the phenotypes of both insect pest and host-plant should be better 
understood before farmers in widely separate geographical areas are 
persuaded to abandon their traditional cowpea varieties and grow the 
new bruchid resistant cultivars.
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APPENDIX 1
Nimber of hatched eggs per cowpea, and nimber of emergence holes 
per cowpea in 8 successive sub-cultures of the Yemen (a), IITA (b)
and Campinas (c) strains.
226,
(a)
Number of Hatched 
Eggs/Cowpea
1 2 3
Culture
4 5
Jar
6 7 8
0 6 3 - 11 7 3 16 4
1 29 5 3 34 14 12 40 15
2 52 31 18 44 ' 33 42 44 62
3 4l 35 29 40 42 36 42 42
4 32 50 37 26 32 36 26 23
5 9 35 30 l6 27 29 7 17
6 7 16 42 8 16 13 4 8
7 2 5 13 1 6 6 - 8
8 1 - 10 1 3 3 - 3
9 1 - - 1 1 - - -
10 — — — — 1
Number of Culture Jar
-
Emergence Holes
/ Cowpea 1 2 3 4 5 6 7 8
0 20 6 6 16 8 2 30 44
1 40 68 18 43 30 54 66 77
2 50 65 45 72 65 64 50 26
3 45 34 60 36: 37 47 31 4
4 23 8 29 9 25 11 4 -
5 4 2 18 5 11 2 1 -
6 - - 5 - 3 - - -
7 1
8 -
9 -
10
(b)
227,
Appendix 1..... cont'd
Number of Hatched Culture Jar
Eggs/ Cowpea
1 2 3 4 5 6 7 8
0 26 7 1 2 7 7 17 8
1 24 10 2 5 23 5 35 40
2 4l 23 17 9 21 20 40 40
3 22 15 28 17 30 24 32 42
4 30 30 36 20 20 32 21 25
5 23 30 30 20 24 31 15 13
6 4 21 42 26 30 19 11 11
7 8 23 14 30 12 20 5 4
8 1 12 10 17 _ 4 10 3 1
9 - 2 - 12 1 5 2 -
10+
■
10 1 26 7 7 1
Number of Culture Jar
Emergence Holes
/ Cowpea 1 2 3 4 5 6 7 8
0 36 8 - 4 15 3 50 48
1 40 8 4 6 20 17 54 59
2 35 26 5 19 31 25 31 '43
3 37 29 5 23 34 46 27 21
4 26 24 25 40 32 31 13 6
5 6 29 32 23 18 22 4 2
6 3 20 33 22 21 19 3 1
7 - 10 20 19 7 12 2 -
8 1 16 23 9 3 4 - -
9 - 9 12 8 2 1 - -
10+ - 1 23 7 - 2 - -
2 2 8,
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(c)
Number of Hatched 
Eggs/Cowpea
1 2
Culture
3 4
Jar
5 6 7 8
0 4 1 — 2 28 2 5 11
1 15 16 6 3 37 6 13 28
2 24 11 8 11 25 12 32 45
3 27 29 19 11 29 17 27 35
4 27 27 22 19 22 20 21 23
5 13 24 20 27 27 17 26 18
6 21 26 23 19 7 24 7 11
7 16 l6 17 16 6 22 11 3
8 7 10 16 14 4 22 12 2
9 8 8 14 16 4 12 4 2
10+
Number of 
Emergence Holes 
/ Cowpea
16 l6 44 43
Culture
1
Jar
27 22 3
1 2 3 4 5 6 7 8
0 10 4 2 3 27 3 7 10
1 13 16 5 12 40 8 16 31
2 27 30 17 20 41 22 30 40
3 15 25 16 16 28 24 29 37
4 26 21 22 23 20 18 21 24
5 30 24 27 15 10 25 26 22
6 15 26 26 21 9 31 21 12
7 20 17 22 22 4 21 14 4
8 9 10 19 20 2 11 9 3
9 9 10 14 13 1 11 4 2
10+ 6 1 12 15 - 7 3 -
229.
APPENDIX 2
Total number of eggs laid (and numbers of eggs which failed 
to hatch) by Campinas females on different numbers of cowpeas,
Number of Cowpeas per Female
1 3 5 10 4o
35/- 1 02 /1 74/3 96/1 71/-
38/- 8 6 /3 78/- 8 ^ 6 85/-
52/3 43/- 68/4 6l/- 82/7
51/6 57/1 73/7 7 6 /2 97/2
W / 3 8o/l 76/- 7 8 /2 81/-
w - 54/1 102 /2 46/1 87/1
55/- 6 6 /1 83/2 78/- 70/3
2 8 /2 92/1 6 9 /2 103/1 ^ 93/1
39/1 57/3 69/4 64/4 1 1 8 /2 .
w - 43 79/2 76/3 84/2
39/- 69/3 77/5 81/17 88/4
56/- 89/- 75/2 6 8 /1 2 65/3
29/- 6 0 /1 75/4 7 0 /2 94/3'
5 6 /1 71/3 71/2 78/1 1 0 2 /1
40/- 76/- 85/5 6 6 /2 89/2
51/- 8 8 /2 86/- 78/1 87/2
27/- 79/- 86/- 74/1 79/2
41/13 41/1 85/1 ■ 96/7 94/2
33/1 62/- 72/3 64/3 7 1 /2
47/- 74/- 72/3 9 6 /2 96/1
43/- 72/5 59/1 1 02 /1 90/1
17/- 86/- 69/1 84/2 94/3
41/- 6 8 /2 69/- 83/- 90/-
39/1 77/1 8 1 /1 6 6 /2
49/- 59/3 97/2 6 8 /1
Eggs Laid/Unhatched Eggs
230.
APPENDIX 3
Number of adults produced from eggs laid by- 
individual Campinas females on different numbers of cowpeas
Number of Cowpeas per Female
1 5 5 10 40
10 25 54 69 56
14 51 50 51 79
10 50 45 50 69
6 26 48 69 85
14 58 46 57 67
14 54 49 59 78
7 52 55 59 57
15 50 45 72 67
10 51 55 50 99
16 55 50 51 78
14 28 . 54 55 75
6 44 48 52 55
10 55 45 62 79
7 57 42 70 87
15 54 55 57 77
12 54 46 61 75
11 55 55 62 67
6 54 54 71 85
10 55 48 55 65
8 59 45 74 81
14 58 44 70 81
11 56 49 49 85
8 41 51 67 82
8 54 48 6l
8 54 45 54
APPENDIX 4
Number of eggs laid daily by Campinas females 
provided with 1 (a), 2 (b), 3 (c), 4(d), 5 (e) and 
1 0(f) "fresh" cowpeas each day.
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(a)
Tube
Days After Emergence
umber 1 2 5 4 5 6 7 8
1 22 26 20 - 15 11 7 5
2 26 7 16 14 8 7 - -
5 21 16 15 10 8 5 - -
4 22 - 21 11 - - -
5 25 15 10 9 10 5 - -
6 28 21 17 14 - 5 - -
7 19 16 21 14 15 - - -
8 52 16 26 20 . 1 - - -
9 25 17 16 15 15 7 - -
10 12 27 2 17 11 - - -
11 4 16 ■ - 11 11 - - -
12 19 11 19 12 - 2 - -
15 24 18 18 11 ' 7 5 - -
14 25 29 19 10 12 6 - -
15 50 6 26 11 8 7 2 1
16 30 21 12 17 9 - - -
17 24 21 20 15 14 9 6 -
18 55 14 20 10 9 6 4 1
19 20 21 22 8 - 6 5 -
20 19 25 17 16 15 6 2 -
21 11 50 - 15 15 - - -
22 57 24 17 - - 7 - 12
23 24 17 16 - 5 - - -
24 27 25 24 10 - 6 2 -
25 56 25 25 17 11 6 1 -
232.
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(b)
Tube
Days After Emergence
Number 1 2 5 4 5 6 7 8
1 20 26 - 5 9 - - -
2 2 21 - 15 9 - - -
5 27 - 17 21 7 5 - -
4 55 14 1 6 6 - - -
5 - 18 - 15 5 - - -
6 50 2 19 6 6 7 4 2
7 17 l4 - 14 15 - - -
8 15 - 14 6 - 8 2 -
9 54 21 15 8 7 1 - -
10 6 22 1 4 10 5 - -
11 46 - 24 12 5 - -
12 57 10 16 5 - - - -
15 8 20 - 12 5 - - -
14 16 17 6 1 7 - - -
15 24 1 15 4 - 7 -
16 25 17 18 8 12 - 10 -
17 22 26 16 12 9 6 2 -
18 50 16 15 - . 15 6 4 -
19 5 19 - 7 - 5 - -
20 45 1 25 5 9 - 1 -
21 24 24 22 8 - - - -
22 51 2 26 8 15 7 1 -
25 27 16 16 9 - - - -
24 24 17 15 - 5 - - -
25 28 - - - - - - -
233,
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(c)
Tube
Number
Days After Emergence
6 7
1 19 22 20 12 3 5 - -
2 14 26 14 2 6 - - -
3 18 - 22 11 12 4 - -
4 13 4 11 11 13 - - -
5 12 19 2 8 7 - - -
6 28 29 21 9 3 5 - -
7 25 18 - ? . - - - -
8 14 20 18 2 3 2 - -
9 15 22 20 9 7 8 - -
10 23 8 20 7 8 - - -
11 3 3 - 10 11 - - -
12 9 2 - 3 9 - - -
13 11 25 6 8 9 - - 1
14 20 16 - 7 9 - - -
15 - 8 24 7 3 7 - -
16 26 13 6 13 3 - - -
17 9 15 22 3 5 6 - 2
18 35 8 16 9 6 6 1 -
19 30 5 24 5 11 5 1 -
20 39 13 7 - 2 - 1 -
21 14 2 - 11 3 - - -
22 6 13 27 11 1 7 - -
23 33 9 2 - 1 - - -
24 8 - 3 10 2 - - -
25 6 - - - - - - -
234,
Appendix 4  Cont'd.
(d)
Tube
Number
Days After Emergence
3 4 5 6 7 8
1 41 24 23 9 13 4 - -
2 22 18 15 11 11 - 9 - -
3 45 18 27 9 12 4 1 -
4 40 9 33 9 9 11 5 -
5 40 23 17 3 13 3 2 -
6 34 20 32 12 7 4 - -
7 23 23 8 7 6 - - -
8 38 29 26 12 9 5- - -
9 45 21 24 13 ■ 4 2 - -
10 29 28 23 11 7 8 - -
11 41 22 21 7 4 8 - -
12 23 15 13 7 8 3 4 2
13 18 23 1 10 12 - - -
14 12 20 - 10 11 - - -
15 13 4 15 - 11 5 . - -
16 29 21 18 6 7 5 1 -
17 43 17 22 8 14 5 2 -
18 14 12 25 9 17 9 - -
19 26 13 22 5 2 7 - -
20 36 15 2 14 9 - - -
21 11 11 15 11 3 - - -
22 . 34 19 23 11 10 8 - -
23 36 18 7 10 6 1 - -
24 13 12 23 . 15 6 5 - -
25 29 - - - - - - -
235,
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(e)
Tube
Days After Emergence
Number 1 2 3 4 5 6 7 8
1 28 16 26 7 5 13 9 6
2 26 9 27 5 10 17 - 4
3 46 22 19 6 4 10 2 -
4 30 22 - 11 11 - - -
5 40 17 15 5 10 8 1 -
6 34 25 - 2 9 - - -
7 37 24 25 8 11 3 1 2
8 27 1 - 7 15 - - 1
9 31 21 23 8 12 7 3 -
10 44 22 18 1 4 4 - -
11 34 19 22 9 8 10 6 -
12 28 14 23 14 13 12 - -
13 22 5 5 4 9 - - -
l4 13 5 3 6 5 - - -
15 46 15 26 10 2 - - -
16 • 30 11 - 8 8 - - -
17 30 12 19 6 , 4 2 - -
18 34 8 18 11 6 5 - -
19 24 15 22 11 10 7 5 -
20 21 10 24 5 4 10 2 -
21 9 17 26 5 7 5 - -
22 19 13 2 13 11 - - -
23 35 9 23 8 9 7 - -
24 9 6 2 12 12 - 6 -
25 17 17 22 4 5 14 1 1
(f)
236,
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Days After Emergence
Tube
Number 1 2 3 4 5 6 7 8
1 26 16 25 10 7 5 - -
2 29 15 20 2 13 - - -
3 18 23 - 9 7 - - -
4 23 17 7 5 14 - - -
5 27 8 26 13 7 5 - -
6 43 18 20 6 5 7 - -
7 16 17 21 6 6 10 - -
8 29 12 23 8 10 9 - -
9 25 10 - 8 6 - - -
10 36 12 18 13 6 11 4 -
11 27 20 25 5 4 2 - -
12 30 11 24 6 6 10 5 2
13 21 17 25 10 9 - - -
14 28 18 - 2 11 16 1 -
15 23 24 25 4 9 4 - -
16 28 24 21 7 4 3 - -
17 19 22 16 9 9 12 - -
18 28 19 17 5 7 - - -
19 21 16 10 2 6 9 3 -
20 14 21 19 12 5 - - -
21 . 7 22 2 4 5 - - -
22 6 29 22 13 10 8 2 -
23 12 13 23 15 11 6 - -
24 17 25 10 6 14 - - -
25 21 21 12 6 - 3 - -
237
APPENDIX 3
Total number of eggs laid (and number of eggs which 
failed to hatch) by Yemen (a), IITA (b) and Campinas 
(c) females, on different numbers of cowpeas.
(a) Number of Cowpeas per Female
1 3 5 10 4o
3 ? A 59/4 65/7 8 0 /7 6 0 /4
20/- 5 6 /6 85/8 8 8 /1 5 9 4 /1 0
56/21 52/4 47/5 6 9 /5 88/7
57/2 57/12 67/3 66/7 84/7
24/3 45/3 5 8 /1 2 6 7 /9 99/4
42/4 7 1 /1 0 64/6 85 /21 8 5 /1 3
26/- 86 /11 7 6 /6 7 1 /1 2 6 5 /3
22/5 45/3 84/10 79/9 93/3
64/4 36/1 60/4 7 8 /1 2 8 5 /2 3
58/5 49/3 6 1 /1 1 8 6 /1 9 8 9 /1 0
5 2 /2 6 0 /1 1 59/8 8 5 /8 8 6 /1 2
34/1 6 8 /1 2 49/19 7 4 /1 0 7 1 /1 7
64/19 63/1 49/3 57/6 ; 9 6 /8
2 0 /1 49/6 35/10 6 6 /1 6 7 0 /5
77/5 76/11 8 5 /5 ■ 7 6 /1 3 84/7
2 6 /1 69/4 60/- 84/13 1 05 /17
27/1 6 8 /2 6 2 /4 6 1 /6 8 0 /7
2 0 /1 76/19 6 5 /4 55/10 8 1 /3
19/3 81/3 6 9 /1 67/- 1 0 3 /6
Eggs Laid/Unhatched Eggs
238,
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(b) Number of Cowpeas per Female
1 3 5 10 40
88/4 87/5 72/5 79/1 9 8 /1 3
64/4 75/8 70/5 77/6 8 7 /2 1
72/1 103/4 5 2 /2 8 3 /1 5 9 1 /4
72/4 6 8 /2 0 75/15 9 0 /2 7 4 /1 6
70/3 71/4 97/9 8 1 /2 2 9 0 /9
78/7 105/5 86 /1 0 8 0 /1 3 9 1 /1 9
78/5 86/9 79/20 1 1 9 /8 64/6
74/6 8 0 /1 1 8 0 /1 9 84/5 111/7
83/6 1 00 /6 103/4 8 7 /7 109/14
91/2 109/9 58/7 1 0 3 /5 9 2 /9
7 8 /6 70/7 8 1 /2 1 0 9 /3 8 6 /8
70/5 83/2 6 0 /1 6 86/7 11 3 /18
1 00 /16 6 0 /6 85/- 100 /15 66/9
4^/2 58/19 97/5 7 2 /7 68/9
78/14 7 6 /1 2 1 2 5 /3 104/6 8 3 /1 3
62/9 1 02 /2 9 8 /6 93/3 84/8
62/- 85/- 73/5 104/6 9 0 /9
7 6 /2 87/8 85 /15 7 1 /1 9 8 7 /3
75/3 97/5 57/2 8 6 /6 97/2
239.
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(o) Number of Cowpeas per Female
1 3 5 10 40
5 6 /1 51/1 7 2 /1 0 8 6 /1 8 2 /4
47/4 6 8 /2 5 6 /2 7 6 /4 77/3
58/3 63/7 7 4 /5 7 4 /3 71/-
21/5 6 0 /8 4 3 /3 8 2 /2 8 5 /5
52/3 73/9 55/1 5 8 /3 8 9 /1
47/2 33/3 4 7 /3 6 3 /4 7 2 /2
25/3 38/1 6 6 /6 6 1 /4 1 0 0 /1
10/- 58/3 81/3 7 1 /2 8 5 /5
24/3 45/4 5 1 /2 6 9 /3 7 4 /9
56/4 47/6 5 2 /7 9 4 /5 7 0 /8
66/4 7 0 /2 48/- 86/4 7 1 /1 1
63/1 77/- 8 1 /2 7 2 /6 73/2
28/3 58/4 6 3 /3 6 0 /2 6 9 /1 6
6 0 /1 55/- 58/- 9 0 /3 6 6 /1
60/- 69/- 5 6 /1 8 1 /1 99/1
15/- 6 1 /2 5 2 /1 7 8 /2 79/1 ,
74/- 7 6 /1 6 1 /6 79/3 6 8 /2
38/1 6 3 /3 7 2 /3 8 0 /2 8 6 /2
3 6 /1 42/5 63/: 6 3 /1 1 3 2 /3
240
APEENDIX 6
Number of adults produced from eggs laid by females of the Yemen (a) 
IITA (b) and Campinas (c) strains, on different numbers of cowpeas
Number of Cowpeas per Female 
1 3 5 10 40
1 2 5 3 33
1 4 5 11 29
0 4 3 5 34
1 2 5 12 37
1 3 7 10 33
0 3 4 10 33
1 3 7 9 32
1 5 6 8 34
1 2 4 11 34
1 2 7 8 35
1 4 6 12 32
0 2 4 11 27
1 6 8 6 38
1 3 3 7 32
0 3 4 12 24
0 3 4 9 38
1 1 3 8 36
0 3 4 8 30
1 1 3 8 31
- 241
Appendix 6  Cont'd.
(b) Number of Cowpeas per Female
1 3
8 25
6 50
12 28
5 18
11 29,
9 24
8 28
6 32
12 24
7 33
7 31
15 34
10 28
16 29
11 27
6 32
10 53
11 31
2 42
5 10 40
38 31 77
45 46 56
38 40 58
42 57 56
39 44 75
40 55 61
46 69 56
46 58 93
45 6l 81
39 67 73
49 67 75
26 53 69
37 63 51
54 51 52
57 76 46
48 64 72
42 69 65
32 47 73
32 51 75
'242,
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( g ) Number of Cowpeas per Female
17 30 48
9 33 45
11 35 49
13 37 38
13 37 45
16 22 55
6 27 45
9 28 6l
15 31 33
5 30 22
11 50 ^ 4l
9 28 59
12 51 50
15 29 57
12 50 46
15 32 38
10 29 42
10 54 54
5 28 44
10 40
58 80
62 . 59
59 73
70 64
47 65
52 62
47 79
56 75
72 62
55 57
69 54
58 56
54 46
70 59
72 97
65 84
58 47
54 63
59 120
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APPENDIX 7
Number of eggs laid daily by Yemen (7'1,) IITA (7*2) and 
Campinas (7*3) females, provided with 5(a) and 2(b)
1 (a)
Tube
lumber 1
"fresh" cowpeas each day. 
Days After Emergence
2 3 4 5 6 7 8
1 33 25 19 14 1 2 1 1
2 22 20 19 18 5 7 2 1
3 23 20 19 18 8 - - -
4 23 20 27 18 7 1 3 1
5 23 12 23 18 5 1 2 -
6 27 20 19 14 5 1 1 -
7 22 23 21 21 5 2 - -
8 23 17 16 15 1 3 - -
9 25 21 17 11 4 1 3 -
10 24 16 17 11 4 2 - -
11 26 18 23 9 2 2 - -
12 8 23 14 10 2 - - -
13 25 14 20 10 - 1 - -
14 19 13 21 4 5 2 - -
15 17 14 19 12 4 - - -
16 25 21 18 5 4 - - -
17 25 16 4 6 3 - - -
18 25 24 10 7 1 - - -
19 13 22 11 14 2 - - -
20 17 16 7 6 3 - - -
21 20 10 6 - 1 - - -
22 5 7 3 - - - - -
23 7 15 - - - - - -
24 6 14 - - - - - -
244,
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7-l(b)
Tube
Number
Days After Emergence
4 5 6
15 13 9
12 14 1
12 4 2
10 10 6
18 17 1
20 9 7
18 14 10
16 7 -
10 10 5
16 6 3
13 4 -
4 3 2
7 1 1
13 10 5
13 6 -
17 - -
11 - -
9 - -
7 - -
5 - -
3 - -
7
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
24
20
24 
15
19 
11
20 
12
25
17 
18.
2
8
9
19
18 
23 
12 
10
6
9
10
6
10
22
20
14
10
15 
9
14
16 
17 
16
13 
9 
8 
8
16
15 
15 
11
15 
8
16
14 
17 
16
16
19
9
8
12
15
18
14 
11 
12 
18 
17
7
15
4
5
16 
12 
16
13
14 
5 
2
■ 245.
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7'2(a)
Tube
Number
1
2
3
4
5
6
7
8 
9
10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
Days After Emergence
26
30 
34 
19 
32 
21
15
17
31 
41 
26 
30
16 
29
19
18 
21 
22
20
27
28 
20 
25
25
15 
18
16 
16 
14
19 
14
13
14 
18 
22 
22
15 
15 
21
20 
24 
20 
14 
13 
12 
22
29
16 
24 
14 
20 
24 
24 
22
19
20 
16
17 
24
23 
28
18 
19
24
17 
16
18 
16 
17
20
17
19
16
14 
22
15
15 
19 
10
16
15 
17 
12 
12 
21 
19 
17 
12
16
15
16 
17
15 
17 
11
8
16 
15 
15 
12 
10 
15 
15 
10
6
13
12
11
12
8
4
11
10
8
9
4
13.
7
5 
3
7 
10
6 
6
5
8 
11
3 
7
11
12
4
13
3
7
2
7
6
4
5
4
5 
1 
4
4
5
3
1
1
2
1
1
2
4 
1 
1
246,
Appendix 7  Cont'd.
7.2(b)
Tube
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
Days After Emergence
3 4 5 6
27
18
32
24
24
20
18 
11
19
13 
10
14
17
15
16
18
20
17
9
5
17
14
20
16
15
19
13
17 
19 
15 
17 
21 
24
19
19
15
13 
15 
12
15
16
15
21
11
8
14 
20-
22
23
21
18 
16
23 
22 
12
24 
22
19
19
20 
8
16
20
6
10
15
7
11
9
18
20
25
16
24
25 
22
18
16
17
16
15
20
20
19
9
11
18 
18 
12 
21
9
8
4
14
15
9
18
12
12
11
13
12
7
8
17 
11 
13
9
8
5
13
18
7
8
13
5
8
11
1
4
11
16
7
7
6
7
4 
7 
3
5 
9
6 
6 
2 
7 
2
7
8
3
8
7
2
7
1
5
5 
2
6
1
3 
1
4
5 
1 
2 
3
3
4
7 0(a)
• 247,
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Days After Bnergence
Tube
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
29
32
27
22
16
27
15 
27 
18
17
16
18 
23
19 
27 
18
20 
18 
25 
21 
25 
19 
17
12
23
12
18
12
12
26
14
15 
19 
17 
14
13
17
18 
12 
17 
21
14 
13
9
22
25
13
17 
22
18 
15 
23 
15 
10
17
15 
12
16 
10 
13
6
10
9
15
18 
15 
12
13
15 
12 
10 
10 
12
13
14 
14 
11 
11 
18 
13 
23
13
16 
8
7 
9
14
8
13
10
8
9
5
11
5 
12 
14
6 
12
9
12
11
7
13
7
5
8
6 
11
7
8
2
6
6
5 
7
6 
2
11
1
2
4
7
3
4
4 
3 
3
5 
1 
3 
3 
3 
3 
1
7
2
5
2
3
2
1
1
2
248.
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7-3(b)
Tube
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20 
21. 
22
23
24
Days After Emergence
13
23
22
29 
19 
21 
19
23 
21
24 
22 
23 
11 
26 
16 
19
30
17
18 
15 
'19 
21 
22
14
16
18
14
14 
21 
16
15
19
20
19
16 
16 
18
13
20 
11
14 
12 
19
15 
12 
25
16-
19
20 
17 
20 
15 
17
15 
7
11
16
17 
15
13 
11 
11
18 
9
15
16
14 
11 
12
12
10
10
12
17
10
13
8
12
13
14 
9
15 
14 
10 
13 
12 
11
9
7 
12
9
8
9
5
6 
10 
10 
15 
10
3
8
13
8
6
12
4
9
6
6
9
10
6
4
6
9
10
5 
7 
1 
4 
7 
1
3
6
4 
6
7
0
2
4 
3 
0
5
5 
1
6 
5
7
4 
1
3
5 
1
3
4 
1 
1
3
1
1
8
APPENDIX 8
Daily emergence of males (M) and females (F), of the Yemen, 
IITA and Campinas strains from cowpeas bearing 5 (a),
15 (b) and 25 (c) hatched eggs (Approx.).
249,
(a)
Days After 
Oviposition
Yemen 
M F
IITA 
M F
Campinas 
M F
27 2 - 10 7 6 2
28 20 17 34 27 38 15
29 19 29 31 37 28 40
30 14 16 21 26 25 33
31 12 9 11 7 10 15
32 8 10 4 - 2 4
33 7 4 2 - 2 6
34 3 3 - 2 - 3
35 3 4 - 1 - -
36 - 4 - - - -
37 1 - - - - -
38 1 - - - - -
39 - 1 - - - -
40 - - - - - -
41 1 - - - - -
42 1 - - - - -
43 - - - - - -
44 - - - - - -
Totals 92 97 113 106 Ill 118
(b)
250,
Appendix 8  Cont'd.
Days After 
Oviposition
Yemen IITA Campinas
22
20 21
22
10
138 152Totals
Appendix 8  Cont'd.
251
(c)
Days After 
Oviposition
IITAYemen
11
12 11
22
21 12
2220 22
1120
1212
11
297 282129 124Totals
252,
APPENDIX 9
Dry weight of individual cowpeas, number of hatched eggs, 
number and dry weight of adults emerging from each cowpea, 
for the Yemen (a), IITA (b) and Campinas (c) strains.
(a)
Dry Weight 
of Cowpeas 
(rag)
No, of 
Hatched 
Eggs
No, of 
Emerged 
Adults
Dry Weight of 
Individual Adults (mg)
219 1 1 3 .1 4 9
246 1 1 3.418
228 2 2 2 .068, 1.834
255 2 2 2 .569, 2 .0 0 5
212 1 1 2 .8 2 9
256 1 1 2 .0 5 4
219 1 1 3 .4 7 5
256 2 2 2 .593, 2 .2 5 0
200 2 2 2 .562, 1 .9 9 2
205 1 1 2 .8 5 4
222 2 2 2 .940, 2 .9 7 0
256 5 5 5 .261, 1.764, 1 .8 8 1
250 5 2 2 .504, 2.559
226 2 2 1 .551, 2 .2 0 7
221 2 2 2 .450, 1 .8 5 0
216 2 1 2 .7 2 8
258 2 2 2 .265, 2 .0 1 9
251 2 2 1 .758, 1 .70 0
250 2 2 2 .526, 2 .2 5 4
255 2 2 2 .885, 2 .2 7 6
294 2 2 2 .556, 1 .8 8 8
258 2 2 2 .198, 1 .1 9 9
212 1 1 2 .1 1 7
274 2 2 2 .220, 2 .5 7 0
218 2 2 2 .515, 2.264
212 2 2 2 .945, 2 .1 2 8
220 2 2 1 .867, 1 .9 61
254 2 2 2.411, 2 .6 1 2
250 2 2 2 .259, 1 .7 7 9
Appendix 9 cont'd
(a)
Dry Weight 
of Cowpeas 
(mg)
270
264
25^
229
215
268
275
206
231
226
229
229
247
260
265 
234
240
252
252
249
182
292
229
256
220
247
193
249
208
216
274
267
245
2 ^
No. of 
Hatched 
Eggs
3
3
2
2
2
2
3
2
2
3
2
2
3
3
5
3
4 
4
3
4 
4 
4 
2 
3
3
4 
4 
4
3 
2
4
3
4
3
2
No. of 
Emerged 
Adults
3
3
2
2
2
2
2
2
2
2
2
2
3
3
4
3
4 
4
3
4
3
2
2
3
3
4
3
2
3 
2
4 
3 
3 
2 
2
Dry Weight of 
Individual Adults (mg)
2.258,
1.863,
2.695,
2.058,
2.962,
2.961,
2.789,
2.488,
2.879,
2.739,
2.520,
1.959,
3.142,
2.733,
2.856,
2.803, 
2.927,
2.681,
2.681, 
2.357, 
1.852,
3.349,
2.515,
2.037,
2.040,
2.051,
3.123,
2.001,
3.539,
2.803, 
1.717, 
3.271, 
3.588, 
2.817, 
2.622,
2.025,
2.392,
2.259
2.009
2.658
2.494
2.250
1.806
2.398
2.627
1.912
2.216
1.506,
2.390,
2.967,
2.713,
2.514,
2.273,
3.318,
2.307,
2.368,
1.340
2.411
2.114,
1.057,
2.148,
1.747,
1.747
3.033,
1.938
2.695,
2.880,
2.830,
2.907
2.547
2.277
2.109
1.746
1.696
2.547, 1.812 
1.796
1.565, 1.960 
2.351, 1.699 
3.192
2.185, 2.038 
2.061
1.671
1.915
1.550, 1.907 
1.629
2.368
1.466, 1.432
2.318
2.637
254,
Appendix 9 cont d
o s:
ui
GO
(K3 d- •
VjJ VoJ VjJ V>1 • • • • •
O M  Ul !-■^  H H H _
VjJ 4=- VD 'oJ CO Ul
ro -{=:• VjJ
^  k  s  ^
00 00
H \0 0\ VO 00 VO 00 o
VJlVJI
00
a\ C\
Appendix 9 cont'd. 255.
M d-
H ro ro VjJ 'oJ H
b h a  h k  g
O  ON O  VjJ 00 - <
GO
Vd VJ -O  ON U l
VJI U l  00  "
VO VO Vd
00 ro 00 VJl
s a g * VO
VJl.00
VJl 0000 H*
VO -<I VJl 00  
VO VJl ON œ  
00 VO V^ ON
VO ON VJlM ro 00
M  O  VO VO
VJl
I
Appendix 9  cont ^ d 256,
p
I fT) H"
H ro 4=- G\ G\ 0000
c+ •
CR O (D H)
VJl VjJ CT\
SQ VjJ O
VJlVO VÛ 00  VjJ
^  ®  S' g
W  Vjl VjI
^  ®  P
VJl VO VJl 00  00
V>J v^  
OV 4=-
S  y  S' ^  ^
ov (j\ -< ro
o\ -q o
VO OV VJl
m VO crv
00
00
d*
M  H  
VJl -<]
c+
A ppendix 9 ..... cont ^ d 257,
P
CO \ji
d- •
O H)
ro ro V)J ro H• • • • •
vn g> (On VÛ§  ^  ^0\ 4=- VO U1 Ul g
VjJ
8
VJIo\ ®  @  ^ 6?
ro ro v>i Vjj
^  ÿl G  Q-!=:• H 00 ^
vS VO 00  wV>J CJ> OV 00
-C -O 00
g  ^  a
ov
H*
4=" -O 0\
«  g) ^
M ^  
00  VJl 00
g
00
00
Appendix 9  cont’d 258,
00 u i
G\ CO
oq c+ •
M & O (D Hj
oq o(D H)
00 VD 'oJ 
ON VJl o  U1 
ON Ln 4=- 00 \Jl00
-< \J1 4=" U1
ON ON VO U l  
ON VO 00
00  ON ON 00 00
O  ON ON - 4  -
VO ON 00  4^
ON
00 U1
M  ro
00 VJI ON
U l VO 00
ON VO VJI
00 H*.ON -<00
VO
00 VjJ 4^ H 4^
VJI VJI VO VO H
VO 4^  00  ON VJI
H*
00 H*
83VJI00 VJI
ON00
VJI
ON
G
ON
Appendix 9  cont’d 259,
P
00
c+ •U1
(D Hj
H H \oJ
U 1 VjJ O
VJI H  Ul
VX 00 vn
VO -1^ VjJ CTv^  -<1 H 0000
VJI H  Vj«1 VO
o\
H*00 VO00
VJI o\
s00
VJI00
Appendix 9  cont’d 260,
O Hj
d- cq o
s  g
00 U 13
H
d-
00 U1
GO
H*
261
APPENDIX 9  cont’d.
(b)
Dry Weight 
of Cowpea 
(mg)
No. of
Hatched
Eggs
No. of
Emerged
Adults
Dry Weight of 
Individual Adults (mg)
217 1 1 1.923
202 1 1 1.556
214 1 1 1.515
185 1 1 1.738
247 1 1 1.568
254 1 1 1.080
217 1 1 1.582
208 1 1 1.629
214 1 1 1.695
203 1 1 1.740
206 1 1 1.979
245 1 1 1.521
200 1 1 1.906
211 2 2 2.248, 1.769
245 1 1 2.304
227 1 1 1.704
228 1 1 2.305
231 1 1 1.973
225 1 1 1.641
200 1 1 1.478
228 1 1 1.730
244 1 1 2.032
194 1 1 2.109
206 2 1 1.843
194 1 1 2.063
250 1 1 1.955
214 2 2 1.982, 2.116
230 2 2 2.146, 2094
223 2 2 1,852, 2.042
204 2 2 2.108, 1.658
212 2 1 1.689
225 2 2 1.837, 2.123
236 2 2 1.849, 1.747
209 1 1 1.806
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APPENDIX 9  coat'd.
(o)
Dry Weight 
of Cowpea 
(mg)
No. of 
Hatched 
Eggs
No. of 
Emerged 
AdifLts
Dry Weight of 
Individual Adults (mg)
216 1 1 2.300
200 1 1 1.803
160 1 1 2.512
216 1 1 2.175
216 1 1 • 1.328
203 1 1 2.714
225 1 1 1.551
217 1 1 2.943
210 1 1 2.823
202 1 1 2.286
201 1 1 2.716
223 1 1 2.687
200 1 1 . 1.457
217 1 1 1.602
196 . 1 1 1.503
224 5 5 1.460, 2.452, 2.319, 2.20:
I.52J
216 1 1 1.529
186 2 2 1.570, 1.430
196 1 1 2.005
185 2 2 2.104, 1.928
229 2 2 2.387, 2.367
222 2 2 2.311, 2.154
247 2 2 2.620, 2.670
189 2 2 2.434, 2.306
207 2 1 2.317
234 5 3 2.503, 1.757, 2.591
183 2 2 2.420, 2.405
212 2 2 2.392, 2.404
213 3 3 2.411, 1.152, 1.838
222 2 2 1.488, 1.570
206 1 1 1.355
224 1 1 1.613
207 2 2 2.374, 2.436
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APPENDIX 10
Dry weight of individual cowpeas (mg), total dry weight 
loss (mg) and percentage of each cowpea lost, after infestation 
by single indivuals of the Yemen (a), IITA (b) and Campinas (c) 
strains•
(a)
Male Female
Dry Weight 
of 
Cowpea
Total Dry 
Weight 
Loss
% Dry 
Weight 
Loss
Dry Weight 
of 
Cowpea
Total Dry 
Weight 
Loss
% Dry 
Weight 
Loss
195
l6l
2:56
251
204
188
267
202
176
179
214
199
195
212
169
220
255
204
212
189
18 
21 
20 
55
17
19
20
17 
25 
19 
25 
22 
21 
21 
21
18 
14
17
14
24
9.29
15.12
8.55
14.41
8.45
10.18
7.56 
8.50
15.20
10.69
10.84
11.15
10.84 
9.98
12.42
8.27
7.56
8.45 
6.65 
12.80
262
509
158
292
182
205
215
196
267
195
188
179
265
199
165
198
185
160
179
255
25
25
20
25
16
20
22
28
21
25
24
28
25 
28
29
18
25
26
27 
20
9.61
7.52
12.78
7.95 
8.87
9.96 
10.52 
14.59 
7.94
12.91
12.86
16.25 
8.82
14.20
17.72
9.17
12.56
16.42
15.26 
7.99
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(b)
Male Female
Dry Weight 
of 
Cowpea
Total Dry 
Weight 
Loss
% Dry 
Weight 
Loss
Dry Wei^t 
of 
Cowpea
Total Dry 
Wei^t 
Loss
% Dry 
Weight 
Loss
266
147
215 
275 
185 
280 
200 
220
216 
187 
211 
216 
295
257
208 
190
209
210 
208
255
4
6
6
4
6
4
7
6
6
7
9
4
4 
7 
6 
6 
7 
6 
9
5
1.52
4.16
2.85
1.47
5.51
1.44
5.55
2.76
2.81
5.79
4.82
1.88
1.58
2.99
2.91
5.57
5.28
5.25
4.89
1.92
172
217
250
187
175
284
211
169
160
175
292
257
188
217
218
259
156
165
154
11
7
8 
10
5
7
8 
10 
10 
12
9
8
9
12
7
9
8 
11
6 
10
6.48
5.26 
5.52
5.41
2.88
2.50
5.85
5.98
7.07
7.05
5.11
5.65
5.90
6.46
5.26 
4.17 
5.59 
7.15 
5.67
6.51
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(c)
Male Female
Dry Weight 
of 
Cowpea
Total Dry 
Weight 
Loss
% Dry 
Weight 
Loss
Dry Weight 
of 
Cowpea
Total Dry 
Weight 
Loss
% Dry 
Weight 
Loss
221 8 5.66 264 12 4.58
164 6 5.71 24l 15 5.44
255 6 2.58 188 6 5.25
214 7 5.50 198 15 6.62
260 10 5.89 209 16 7.75
185 9 4.96 214 15 6.12
240 6 2.52 181 16 8.91
258 4 1.67 248 7 2.86
251 7 5.07 251 7 5.07
150 7 4.71 169 12 7.78
212 4 1.91 210 9 4.55
211 11 5.27 222 10 4.54
180 8 4.50 226 6 2.68
192 5 2.65 194 16 8.54
252 . 8 5.21 192 15 6.84
157 4 2.92 159 7 5.07
181 5 2.80 281 9 5.25
271 4 1.49 189 15 6.97
258 7 2.98 162 12 6.92
185 7 5.86 250 12 4.97
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APPENDIX 11
Percentage dry weight loss of individiial cowpeas, number of 
hatched eggs per cowpea and number of adult emerged per cowpea, 
for the Yemen (a), IITA (b) and Campinas (c) strains.
(a)
% Dry Weight 
Loss
No, of Hatched 
Eggs per Cowpea
No, of Emerged 
Adults- per Cowpea
57.15 19 1
31.13 20 2
31.21 17 1
28.64 18 1
40.26 18 0
34.91 21 1
28.47 17 0
34.67 20 1
34.28 24 1
23.91 24 0
30.67 21 0
21.44 ^ 29 0
26.90 21 0
35.73 19 . 0
31.68 19 1
26,50 24 0
29.57 22 1
26.09 18 0
25.41 27 1
26.65 22' 1
29.80 22 0
26.09 25 0
23.52 17 0
32.56 17 1
38.52 17 1
26.58 17 0
50.88 17 1
34.12 18 1
27.07 17 0
27.87 18 1
32.80 50 1
30.22 57 1
29.29 54 1
22.83 22 1
31.87 22 2
31.11 26 1
22.12 27 0
32.62 55 1
28.18 27 1
32.60 19 1
25.76 24 1
26.26 28 0
40.05 25 2
35.00 28 1
22.09 18 1
33.62 21 1
25.26 20 1
31.54 51 1
30.05 27 1
30.19 26 1
Appendix 1 1  cont'd. 273.
(b)
% Dry Weight 
Loss
No. of Hatched 
Eggs per Cowpea
No. of Emerged 
Adults per Cowpea
60,33 27 6
63.17 28 14
63.97 56 15
64.84 54 11
62.24 42 14
68.16 52 7
68.91 59 14
66.30 54 11
64.15 45 7
63.89 56 12
62.51 52 11
64.27 28 7
66.13 40 17
67.59 55 14
66.51 59 17
63.83 55 10
67.66 27 14
62.99 50 12
66.93 54 11
70.30 41 14
70.56 44 15
64.86 52 12
67.44 54 16
64.61 57 6
68.02 54 9
67.13 28 12
65.93 66 . 11
66.26 72 10
66.90 69 15
64.51 65 8
68.44 81 15
65.80 76 15
50.75 54 1.4
66.60 54 11
78.35 45 11
66.28 85 12
65.62 72 15
68.78 62 10
66.27 57 7
67.56 59 16
71.08 51 19
70.42 47 18
65.25 47 15
65.83 58 10
60.47 45 7
62.71 56 9
66.86 56 11
61.91 70 9
61.59 66 11
68.82 49 11
Appendix 11..,. oont'd. 274,
(o)
% Dry Weight 
Loss
No of Hatched 
Eggs per Cowpea
No. of Emerged 
Adults per Cowpea
63.27 41 10
65.35 , 55 10
63.51 56 4
59.33 25 12
64.48 50 9
62.95 50 12
66.47 26 7
65.49 54 7
67.66 59 8
63.34 52 4
64.61 56 7
59.58 28 7
63.48 55 12
61.14 40 9
65.82 52 8
65.36 27 11
63.81 27 11
63.78 54 5
68.47 29 15
65.62 55 10
61.38 57 5
61.97 50 1
63.08 52 8
65.67 26 5
65.51 51 5
64.17 25 9
63.35 55 7
62.10 45 9
62.23 55 7
63.81 50 9
64.45 50 8
62.00 65 7
61.94 72 7
67.17 51 8
63.99 60 6
55.20 57 11
63.84 40 10
65.75 57 7
59.66 54 7
63.32 55 11
62.06 57 4
63.83 75 •4
61.02 59 9
63.46 64 6
65.22 55 9
61.94 69 5
62.93 68 9
62.22 45 4
66.06 44 10
60.98 59 10
275.
APÎENDIX 12
Number of hatched eggs on each cowpea after the 1st and 2nd 
exposures to laying females, and number of adults emerging 
per cowpea in both generations, for the Yemen (a), IITA (b) 
and Campinas (c) strains.
(a)
1st Infestation 2nd Infestation
No, of 
Hatched 
Eggs
No, of 
Emerged 
Adults
Hatched eggs 
/Unhatched eggs
No, of 
Emerged 
Adults
18 1 38/4 1
46 0 2/3 1
58 1 31/2 -
50 1 24/6 -
51 2 19/3 1
21 1 48/1 2
42 2 40/2
80 1 40/1 1
114 0 - -
48 2 25/1 2
55 1 15/1 -
54 1 - -
25 2 ■ 2/3 2
21 1 35/2 1
42 1 40 -
44 1 34/6 -
55 1 28/1 -
52 1 - -
27 2 - -
55 2 - -
54 0 84/2 -
50 1 14/2 1
48 1 17 -
55 2 6 1
28 2 57 -
67 1 - -
51 2 28/5 1
51 1 60/5 -
42 1 4/2 1
21 1 10 2
(b)
1st Infestation
Appendix 1: 
2nd Infesta
I ....cont '
tion
No. of No. of Hatched eggs No. of
Hatched
Eggs
Emerged
Adults
/Unhatched eggs Emerged
Adults
61 9 46 -
50 6 47/2 -
81 7 50/1 -
55 10 60/3 -
105 4 - -
64 11 50 -
90 5 47/2 -
86 11 56 -
85 9 27/1 -
78 6 - -
62 8 - -
47 10 42 -
55 8 27 -
85 7 - -
55 8 58/1 -
67 8 27 -
54 8 55/2 -
6l 5 47/5 -
84 6 44/1 -
94 10 22/2 -
66 7 60 -
91 6 22/1 -
120 8 42/2 -
76 9 28 -
76 10 22/5 -
55 12 - -
75 10 15 -
41 14 18 -
66 7 51 -
102 5 40/2 -
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(o)
1st Infestation 2nd Infestâtion
No. of No. of Hatched eggs No. of
Hatched
Eggs
Emerged
Adults
/Unhatched eggs Emerged
Adults
91 1 50 -
81 - - -
72 4 10/1 -
47 7 19 -
71 5 59/1 -
107 1 41 -
62 - - -
58 5 55/2 -
49 10 18/1 -
50 6 5 -
62 5 8 -
106 4 51/1 -
41 12 16 -
45 8 5 -
50 8 . 10/2 -
56 10 11 -
59 ' 6 52/5 -
55 1 - -
55 4 62 -
78 2 77/2 -
61 1 17 -
85 5 - -
72 6 58/1 -
71 1 65/3 -
57 7 24 -
49 6 15/2 -
55 4 26 -
51 2 32/1 -
59 2 40 -
66 1 - -
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APPENDIX 13
Mean number of eggs laid and mean adult production 
(± 95$ Confidence Interr/als) by females in the Parental (a)^  
and Fi (b) Generations of a preliminary "strain-crossing" 
experiment. Females were provided with 5 cowpeas.
Y = Yemen, I = IITA^  and C = Campinas
(a)
Pairing 
Male Female
Mean No, of 
Eggs Laid/ 
Female
Mean Adult
Production/
Female
Y X Y 75.5 ± 7 .5 7.8 + 1.6
I X I 84.6 + 9.6 30.1 + 2 .9
C X C 77.1 + 7.6 36.1 + 3.4
Y X I 73.2 + 7 .4 20.5 ± 2.2
I X Y 56 .2 + 1 1 .3 14 .2 + 3.5
Y X C 75.0 + 10.8 15.8 + 2.8
C X Y 62.2 + 7 .8 15.6 + 3.2
I X C 83.8 + 7 .6 35 .4 + 3 .6
c X I 72.8 + 11 .3 34.2 + 3 .5
(b)
Appendix 1 3  cont'd. 279.
Pairing 
Male Female
Mean No, of 
Eggs Laid/ 
Female
Mean Adult
Production/
Female
Y X Y 79.8 + 6.9 11.3 ± 2.0
I X I 78.4 + 8.7 38.4 + 3.7
C X C 73.9 + 5.5 46.2 + 2.9
(Yxl) X (Yxl) 90.3 + 7.6 18.3 ± 3.1
(ixY) X (DcY) 86,6 + 6.1 18.8 + 2.6
(ïxC) X (YxC) 75.9 + 5.9 23.0 + 4.0
(CxY) X (CxY) 70.3 + 7.7 20.0 + 3.0
(IxC) X (ixC) 93.5 + 5.0 40.6 + 5.0
(Cxi) X (Cxi) 88.5 + 5.7 45.4 + 3.6
Brackets denote hybrid
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APPENDIX 14
Number of eggs laid (left hand figures in each column) and 
number of adults produced (right hand figures in each column) 
by females of each pairing in the three generations of the 
"strain Crossing Experiment". Females were provided with 5 
cowpeas. (Yemen, IITA and Campinas are abbreviated to Y, I 
and C respectively, when necessary).
(a) Parental Generation.
(b ) F]_ Generation, (For each pairing involving an F-j_
hybrid back-crossed to one of the "pure strains", 
the lower half of the column contains results from 
the reciprocal of the pairing listed at the top of 
the column.)
(c) Fg Generation. (Two adjacent columns are taken up
by each of the Fg "self-crosses".)
Asterisks in the middle of each column denote those replicates 
which were selected at random and removed from the analysis, when 
statistical procedures required an equal number of observations for 
each variable.
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APEENDIX 15
Number of hatched eggs on, and number of adults emerged 
from individual black-eyed and TVu 2027 cowpeas infested 
by the Yemen (a), IITA (b) and Campinas (c) strains.
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(a)
Black-eyed TVu 2027
No, of 
Eggs
8
9
9
10
12
9
9
15
10
12
11
8
9
12
10
11
10
9
10
11
9
7
12
11
12
No. of 
Adults
2
7
4
7 
6 
6
4 
6
5
8
6 
6 
6 
2
5 
4 
8
6 
6 
4 
6 
4 
4 
6
No, of No. of 
Eggs Adults
9
15
12
4 
11
1.1
9
14
11
10
11
11
12
11
7 
12 
13
5 
11
8 
10 
12 
12 
10
4 
2
5
4
7
6 
6
5 
5 
7 
2 
5
3
4
4 
7
5
5
4
6
5
6
7
7
No, of 
Eggs
12
13
7
12
11
9
12
10
10
10
13
14 
10 
12 
11 
11 
11 
10
14 
12 
12
9
9
15
14
No, of 
Adults
4 
1
8
9
6
6
3
6
9
8
6
2
8
5
3 
9
4
5 
7 
7 
5 
2
7
8
No, of 
Eggs
13
14 
11 
12 
5 
11
5
12
11
10
11
7 
10
9
8
9
8
14
14
10
17
16
12
12
No, of 
Adults
5
6 
1 
6 
1
5
1
1
7
6 
4
4 
7
2
7
3
1
10
5 
2 
7
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(b) (o)
Black-eyed
Mo. of 
Eggs
No. of 
Adults
18
13
12
11
11
6
6
15
12
9
10
15
15
12
11
17
11
11
9
13
6
13 
7
14 
10
13
10
8
9
9
3
3
12
10
5
10
10
11
9
8
11
10
9
8
9
5 
10
6 
10 
10
TVu 2027
No. of No. of 
Eggs Adults
8
10
9
15
11
10
15
14
15
7
8 
10 
14
16 
5 
9
14
11
11
10
12
14
16
12
8
8
2
4
2
2
13
12
2
1
10
10
4
5 
3
Black-eyed
No, of No. of 
Eggs Adults
TVu 2027
No. of No. of 
Eggs Adults
18 12 9 -
18 10 9 -
17 15 15 1
14 14 13 -
13 10 8 -
11 10 10 -
14 11 10 -
13 11 9 -
7 7 14 1
9 7 10 -
9 8 6
l6 9 6 -
17 14 8 -
24 12 14
12 9 12 -
4 6 7 -
9 7 12 -
10 8 14 2
9 8 12 -
14 13 4 -
15 14 10 -
10 8 10 -
22 15 10 4
16 14 11 -
16 14 11 1
28g,
APPENDIX 16
Number of eggs which hatched and number of eggs which 
failed to hatch, when newly emerged females of the Yemen 
and IITA strains (having developed on black-eyed and TVu 2027 
cowpeas) were placed on 40 black-eyed cowpeas.
Yemen IITA
Black-eyed T7u 2027 Black-eyed TVu 2027
71/17 92/- 115/1 101/5
86/1 70/26 85/1 99/8
102/7 11^3 73/1 131/3
9^ A 47/39 126/15 73/1
98/2 , 92/15 93/24 66/7
76/10 54/6 113/- 122/1
79/2 61/6 116/4 51/5
93/8 113/4 99/2 108/2
90/0, 124/8 98/4 89/1
69/17 95/16 127/1 72/5
58/14 120/1 120/7 84/7
109/6 121/- 111/10 71/28
93/2 84/8 109/7 109/7
80/2 82/4 95/2 98/8
106/3 101/- 108/17 89/2
118/4 113/3 75/7 109/7
58/39 116/2 70/17 122/12
76/1 103/10 97/1 95/2
133/1 103/11 82/6 86/18
55/33 98/4 74/4 127/11
105/3 84/- 8%/7 102/8
98/2 76/26 111/6 •
108/4 93/2
Hatched eggs / Unhatched eggs
290.
appendix: 17
Development period (Days) of male and female adults of 
the Yemen (a), IITA (b) and Campinas (c) strains, infesting 
black-eyed and TVu 2027 cowpeas. Each seed was infested by 
only one insect.
Black-eyed TVu 2027
FemalesMales Females
25
Appendix 1 7  cont'd. 291
(b)
Black-eyed TVu 2027
Males Females Males Females
(o)
' 292,
Appendix 1 7  cont'd.
31aok-eyed TVu 2027
-Male Females Females
293
APPENDIX 18
Development period (Days) of male and female adnlts 
of the IITA (a) and Campinas (b) strains emerging from 
black-eyed and TVn 2027 cowpeas previously infested by 
one insect.
(a)
Black-eyed TVu 2027
Males FemalesFemales Males
(b)
294,
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Black-eyed TVu 2027
Males Females Males Females
25 28 27 52
26 27 26 27
27 25 57 46
26 26 27
26 26 57
25 25 27
27 27
27 26
28 28
27- 27
25 27
27 27
26 27 -
27 25
28 29
25 27
26 26
26 26
26 27
26
26
26
26
25
28
295.
APPENDIX 19
Development period (Days) of males (M) and females (?) 
produced by pairings involving the Yemen (Y), IITA (l) 
and Campinas (C) strains, infesting black-eyed and TVu- 
2027 cowpeas. Each seed was infested by only one insect.
The first letter in each pairing represents the male 
individual.
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APPENDIX 20
Development periods (days) of Yemen and IITA individuals 
bred for three successive generations on black-eyed or
TVu 2027 cowpeas.
(a) Yemen h Progeny
(b) I F2 Progeny
(c) I Progeny
(d) IITA Progeny
(e) II ^2 Progeny
(f)
I
^3 Progeny
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APPENDIX 21
Intrinsic rate of natural increase (Southwood, 1978).
- V
e
Where r = intrinsic rate of natural increase m
= total natality per female of age x
= number surviving at beginning of age class x
e = base of natural logarithms
X  = pivotal age for the age class in units of time
Howe’s(l953) approximate expression for r (cited in Giga and Smith,
1983).
r = log(NS)/(T+^L)
Where T = development period
L = oviposition period
N = number of female eggs laid
S = proportion of eggs developing into adults
